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Editor 
Ray Osterwald, NODMS 


Electric Radio™ is all about the restoration, maintenance, and 
continued use of vintage radio equipment. Founded in May of 
1989 by Barry Wiseman (N6CSW, SK), the magazine continues 
publication for those who appreciate the value and excitement 
of operating vintage equipment and the rich history of radio. It 
is hoped that the magazine will provide inspiration and 
encouragement to collectors, restorers and builders. It is 
dedicated to the generations of radio amateurs, experimenters, 
and engineers who have preceded us, without whom many 
features of life, now taken for granted, would not be possible. 

We depend on our readers to supply material and photos for 
ER. Our subscriber’s primary interest is in articles that pertain 
to vintage equipment and operating with a primary emphasis 
on AM, but articles on CW, SSB, and shortwave listening are 
also needed. Photos of hams in their radio shacks are always 
appreciated. We invite those interested in writing for ER to 
write, email, or call. 


Some of Our Regular Contributors Include: 
Tom Marcellino (W3BYM), Gary Halverson (K6GLH), Joe Long 
(WA2EJT), David Ishmael (WA6VVL), Jeff Covelli (WA8SAJ), Mike 
Bittner (W6MAB), Rob Vincent (KIDFT), D.S. “Jeep” Platt (K3HVG), 
George Misic (KE8RN), Mike Murphy (WU2D), Larry Will (W3LW), 
Dave Gordon-Smith (G3UUR), Pat Griffin (AA4PG), Phil Legate 
(ACGOB), Janis Carson (AB2RA), Joe Eide (KBIR) 


Editor’s Comments 


April and I sincerely appreciate all the 
cards and emails received here expressing 
good wishes. Weare slowly getting ER back 
to normal. 

Everyone is hoping 2021 will bring a 
better year than the one recently passed and 
life can get back to normal; I have heard this 
should be during late fall sometime. We 
will be trying to ship orders twice a week again, which should reduce 
the order backlog. 

Ludwell Sibley has sent an excellent overview of WWII Signal Corps 
equipment that’s in this issue. I think it’s one of the best I’ve ever seen, 
even better than some lists in vintage CQ editions of years ago. 

There are two fun events coming up next month in March. The first 
one is the Novice Rig Roundup — the 7th year for this event — during 
the first week, then starting the second week is Antique Wireless 
Association’s John Rollins Memorial CW/AM DX Contest. There is further 
information on these events in this issue. 
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Cover: Greg Muir is a professional broadcast engineer in Great F alls, Montana. 
The unit under repair on his bench is a HP 5343A microwave frequency 
counter. Greg got 4 of them off of eBay for between $100 and $150 that he says 
“is a very good deal.” Greg is an SWL with some rather nice equipment (Racal- 
Dana, Eddystone, Yaesu, Hammarlund, etc.), some being in nearly new-old 
stock condition, such as his Hammarlund SP-600, with one of two Racal RA- 
6790s coming up a close second. 


The Power Pentode Transmitter 
(Simple, Stable, Reliable) 


By Tom Marcellino, W3BYM 
13806 Parkland Drive 
Rockville, MD 20853 
w3bym1@gmail.com 


Background 

The basic circuit for the single tube 
crystal controlled transmitter! was very 
popular in the last century. These 
transmitters appeared around 1950 
ending in 1973 just before solid state 
transmitters became popular. Over that 
23 year period, several tube types were 
used. These included 6F6, 6V6, GAG7, 
6BL7GT, 6DQ6A, 6146, and the 6T9. 

The 6T9 is a Compactron triode and 
pentode in one glass envelope. In a 
transmitter application the triode is the 


oscillator and the pentode is the amplifier. 
The two are externally coupled and 
provide about 10 watts of RF power. 
This “two in one” tube will obviously 
operate different compared to the single 
tube transmitter. 

My transmitter was built because of 
two main factors. Once again I received 
a large tub filled with many tubes from a 
friend. The second factor was a power 
transformer donated out of a Bogen 
Model CHA-20 five-tube, 20-watt 
amplifier.* Besides the transformer, the 
five tubes were tested and saved. The 
amp’s next home was the Rockville dump. 

Within the large tub were several 
6CD6G and 6CD6GA tubes. These 


tubes were designed for TV use as 


The transmitter uses several vintage parts such as the transformer and tubes. The 
meter is a 2" square Burlington and the dial plates are from miniature auto 
transformers. The crystal lamp is housed in a Dialco light shield #211310. 
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The 3-30 pF grid capacitor can be substituted with a silver mica 30 pF capacitor. The 
#47 lamp is used as a current monitor and not as a fuse. S3 shorts out the meter 
preventing needless meter movement during keying. 


horizontal deflection amplifiers. The 
tubes had several manufacturers such as 
Sylvania, Tung-Sol, and RCA. Most of 
the tube’s specifications were the same 
among the manufactures except the plate 
power dissipation was either 15 or 20 
watts, 
Oscillator-Amplifier 

The single tube transmitter is a simple 
and unique circuit. With a little more 
then 1 pF of grid-to-plate capacitance’ 
the oscillator/amplifier functions as a 
transmitter. 

The earlier transmitter versions used a 
low current 60 mA lamp in series with 
the crystal. A #49 lamp would meet the 
60-mA requirement. At that time the 
lamp was installed to serve as a fuse to 
protect the crystal. It was later deleted 
from the basic circuit. The lamp is still 
necessary, in my opinion, but serves as a 
current monitor and not a fuse 

The 3-30 pF variable capacitor in the 
erid circuit is supposed to control the 
amount of chirp in the output signal. My 
experience with this circuit indicated no 
chirp as monitored with the R-1000 
receiver. Varying the capacitor changed 
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the output frequency about 150 Hz. 
Therefore, a fixed SM capacitor of 30 pF 
is recommended as a replacement. 

The inter-electrode capacitance from 
grid-to-plate provides the needed 
coupling. The tune control is still used to 
dip the cathode current and the load 
control will load the antenna to the 
transmitter, but during this operation 
the crystal current will also vary. 

If a low-current, 60-mA lamp is used, 
there is a high probability that the lamp 
will blow during tune up. For that reason 
a 150 mA #47 lamp is used. The #47 
lamp brilliance will vary from full 
brilliance (white filament) to no brilliance 
during tune up. The name of the game is 
to strive for maximum output and 
minimum brilliance. The color of the 
filament should be dull yellow at 
maximum output. 

The pi network uses a small 200 pF 
broadcast capacitor for “Tune.” The load 
capacitor is also small for its capacitance 
amount. It is a three gang unit and 
measures 900 pF. All three gangs are 
used but a smaller unit with 600 pF 
would work well. The inductor is wound 
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on a T-130 powder iron core with 29 

turns of #16 AWG Formvyar wire. Total 

inductance is 8 nH for 40 meters. 
Power Supply 

Before the first hole was drilled in the 
chassis, the power supply was tested for 
the required 100 mA of current. Since 
the power transformer was from a five 
tube amplifier the required current 
shouldn’t be an issue. The open circuit 
DC high voltage equals 560 VDC. With 
a 100 mA resistive load the voltage 
dropped to 450 VDC. The drop in voltage 
was a little more then anticipated but 
adequate for the project. 

The transformer’s secondary consist of 
three windings; 800V CT, 6.3V, and 5V. 
The numbered windings on the diagram 
relate to the transformer’s terminals. 

The power supply circuit is a standard 
full wave bridge with two filters and 
equalizing resistors in series. The filter 
capacitors are unique with their small 
size. They are 1.25" long and only 5/8" 
in diameter. This is less then one half the 
size of a normal 100-yF, 450-volt filter 
capacitor. 

Thevswitches sole S2:. andes sare 
miniature types and the lamps are #345 
miniatures also. The total primary current 


drain under full load is 0.6A. A 1.5A fuse 


is installed to safely support the current. — 


Crystal Testing 


The crystal current was measured with 


the #47 lamp anda | ohm resistor inserted 


—sa" . 


in the ground leg of the lamp. The tune © 


and load controlled the lamp brilliance. 
Test results showed crystal currents of 50 


mA RMS and 200 mA RMS from 


minimum and maximum lamp brilliance. — 


Since the crystal and its current are 


critical to this circuit’s operation it was — 


decided to do additional testing. This — 


test was designed to try to fracture the 
crystal. The #47 lamp was installed and 
maximum brilliance was set using the 
load and tune controls. The lamp 
produced an extremely bright white light. 


The case temperature was measured — 


with an IR thermometer pointed at the 


metal plate on the FT-243 crystal case. , 
The starting temperature measured 72 — 


degrees F. The cathode was keyed once 


every two seconds for five minutes. The — 
output frequency was also monitored. At — 


the end of the five minutes the plate 


temperature was 90 degrees F and the ~ 
frequency had risen 100 Hz but the crystal — 


was still functioning. 


The last test used 6 crystals with a~ 


range of 7.000 MHz to 7.100 MHz. The — 


circuit was tuned for 20 watts output and ~ 


15A $1 ‘3 


transformer’s terminals. 
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A standard full-wave, high-voltage circuit is used for this project. The switches.and 
lamps are miniature types. The numbers next to with windings refer to the q 
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The large 3" x 7" x 12" chassis leaves ample room for all the components. The two 
small filter caps are seen at 9 o’clock and the grid variable cap is seen at 3 o’clock. 


The light shield by Dialco finds an 


excellent application as the crystal 
current monitor with a #47 lamp. 
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a dull yellow lamp glow. The test results 

indicated the load and tune controls 

didn’t need any adjustments over the 

frequency range to maintain the same 

cathode current and power output. 
Operating Parameters 

¢ B+ = 450 VDC 

e Plate Current = 90 mA 

e Screen Current = 6 mA 

¢ Cathode Current = 100 mA 

* Screen Voltage =150 VDC 

e VR Current = 24 mA 

¢ Key Line Voltage = 50 VDC 

¢ Power Out = 20 Watts 


References: 


1. Radio Amateur’s Handbook, ARRL, 
1950 to 1973 


2. Radio’s Master Encyclopedia, 22nd 
Edition, 1958 


3. RCA Receiving Tube Manual, RC- 
23, August 1964 
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Hammarlund HQ-100 Secrets Revealed, Part 1 


By Janis Carson, AB2ZRA 
61 Rothermich Rd. 
Ithaca, NY 14850 
AB2RA@htva.net 


Introduction 

While this article revolves around a 
Hammarlund HQ-100A restoration, its 
scope extends to secrets of the widely 
used Automatic Radio patented IF 
transformers, BFO injection hacks, 
inverse feedback for improved audio, an 
improved muting circuit with low voltage 
(no relay required), and IF transformer 
testing and improvement. Many of these 
applicable to 
contemporary radios. 

This article also addresses RF stage 
stability and 
introduced in the later Hammarlund A 


ideas are other 


tracking problems 


model receiver line like the ‘170 and 
‘180. It also includes a paint trick for 
rusty transformers. A Heathkit crystal 


The Hammarlund HQ-100 was produced from 1956 to 1961, while an updated — 


oscillator kit is mounted to the HQ- 
100A that looks like factory installed. I 
also installed S meter protection diodes 
and improved its deflection. A minor 
change improves AM broadcast band 
sensitivity. Final sensitivity measured 
about 1 pV on all ham bands, except for 
3 pV on 10 meters. When finished, this 
makes a decent Novice station receiver. 
History 

Be sure you have the correct schematic 
for your radio. The HQ-100 (1956 — 
1961) did not include a BFO (using the 
Q multiplier for the BFO); that did not 
allow the Q multiplier to operate for 
single signal CW reception. The HQ- 
100A (1961 - 1966) included both a 
BFO and separate Q multiplier. Some 
models of the HQ-100 or 100A have a 
5Y3 rectifier, and some have solid state 
diodes. Some have a socket for the clock 
accessory. A rare accessory is the XC-455 
crystal controlled BFO add-on kit for the 


= 


HQ-100A was made from 1961 to 1966, a remarkable 10-year run altogether. 
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HQ-100 to upgrade it to a HQ-100A. 
Use a schematic rather than doing repairs 
by the seat of your pants. Use free manual 
downloads from BAMA. 

The HQ-100A is much better than an 
S-38 or SW-54. The unique mechanical 
bandspread over a huge dial made the 
SW-54 easy to set exactly to a frequency 
that had been logged before, making it 
great for SWLs who regularly listened to 
a particular station. The HQ-100A is far 
less than an HQ-180, but a respectable 
entry level Novice receiver. These were 
widely marketed to SWLs, since the 
foreign broadcast frequencies are marked 
on the main tuning dial, sometimes in 
red like the HQ-100A and the HQ-145 
(1959 - 1963) dual conversion general 
coverage SWL receiver. 

The HQ-105TR is a variant of the 
HQ-100A which has a CB transmitter in 
it. Is the mysterious hole in the rear of the 
cabinet to plug the CB transmit crystal 
ine 

The HQ-110A (1962 - 1964) variant 
is a ham-band-only, double-conversion 
receiver (3 MHz 1* IF) with a crystal 
calibrator. It has better BFO injection 
than the HQ-100A. It is essentially an 
HQ-170 without the 60 kHz lower IF 
and product detector. It is far better than 
an HR-10, SX-140 or some of the other 
Novice ham band only receivers. 

The Hammarlund variable bandwidth 
crystal filter is a unique feature of that 
manufacturer, and set it ahead of the 
competition until 50 kHz L/C filters, 
mechanical filters, and fixed bandwidth 
crystal filters edged it out. The HQ- 
129X employs it, and the HQ-100A is its 
logical successor, except they switched to 
a Q multiplier. The crystal filter at its 
sharpest setting works well on 80 and 40. 
Above that, the bandspread makes tuning 
with a sharp filter touchy. That is why a 
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Vernier Tuning Knob was added to the 
HQ-170 and HQ-180. The HQ-100A’s 
Q multiplier has the effect of being a 
vernier tuning, which helps especially on 
20 — 10 meters. However, the Q 
multiplier is not quite as sharp as the 
narrowest setting of the Hammarlund 
variable bandwidth crystal filter. On the 
other hand, the HQ-100A does not have 
lots of leaky paper capacitors and out-of- 
tolerance resistors like a typical HQ- 
129X. 

A little known feature of the HQ-180 
is its roofing filter at the 3 kHz first IF, 
which improves rejection of powerful 
shortwave broadcast signals on adjacent 
channels. The HQ-170 does not have 
the roofing filter. The HQ-180 uses 
higher quality parts in the HF oscillator 
for lower drift, and it cost significantly 
more than the HQ-170. The HQ-180 
has one more tube than the HQ-170 
also. 

In 1960, a Lamb IF noise silencer 
accessory became available for the ‘170 
and ‘180. Ifa red threshold knob appears 
at the noise limiter position, the radio 
has this fine feature. I home brewed a 
clone of it when I was a kid, and it 
eliminated power line noiseand LORAN. 

The third 60 kHz IF and product 
detector and audio amplifier was available 
to add on to any receiver with a 455 kHz 
IF in the form of the Hammarlund HC- 
10 (1959) SSB adapter. Many used a less 
expensive command set which received 
at 455 kHz and had a very selective low 
IF known as the “Q5er.” 

Use of L/C filters continued with the 
ham band only Drake 1A (1957), 2A 
(1959), 2B (1961), and finally the 2C 
targeting the Novice market with a 
matching 2NT transmitter, which were 
selling briskly in 1973 for $229 (2C) and 
$149 (2NT)“ Phe’ Drake’ receiver 
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architecture of a highly stable 80 meter 
receiver with a product detector and AVC 
on CW/SSB, with a crystal controlled 
converter for all other bands set the 
standard for better performance. With 
Hammarlund’s prices at about $300 
(HQ-100A) and $360 (HQ-110A), it 
was tough to compete. [he clock accessory 
(to warm the radio up) was not enough to 
offset just turning the radio on and using 
it. In 1965, when Heath introduced the 
SB-300, that era of free running HF 
oscillators and low frequency IFs was 
over. 

Get Things Running Stock First 

My first priority in any restoration is to 
get the radio running in stock form before 
any mods or cosmetic treatment. This 
HQ-100A was nice, with a 9/10 
appearance, but it was deaf as a post. I 
tested all the tubes, and they were good. 
I checked the filter capacitor, and it was 
marginal, but good enough for the repair 
process. I ordered a Hayseed Hamfest 
exact replacement. Later, I received a 
beautiful chrome plated unit that fit 
perfectly. 

The HQ-100A did not use a lot of 
leaky paper capacitors; most of the caps 
are ceramic or mica, so no worries there. 
Do NOT do shotgun repairs if it is not 
warranted by actual test or known 
reliability problems, such as paper 
capacitors with stripes. Sometimes the 
ceramic capacitors connected to the line 
cord are damaged by lightning. Replace 
bad Using IOX Mor: OW, 
noninductive resistors in RF circuits. 
Newer types are inductive and are OK 
for audio or low frequencies. The Z1 and 
Z2 couplates rarely fail and should be left 
alone. 

The AVC/Manual switch was 
damaged. These are a special long-reach 


model. I was lucky to have one in my 
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resistors 


junk box. The only other fix would be to 
punch out the chassis and mounta shorter 
shaft switch directly to the front panel. 
Possibly you could salvage the noise 
limiter switch and lose that function. 
The ANL is quite effective on power line 
noise, so | wanted to keep that. See figure 
1 for the defective parts mica parts of an 
IF transformer and a burned out resistor 
that were removed. 
Repairing Bad IF Cans 

This HQ-100A was stored in a damp 
basement, so the IF transformers were 
bad due to the infamous mica metal 
contamination. One 2.2k resistor in the 
plate lead was fried because of excess 
current to ground caused by mica 
contamination. I replaced all these 
resistors with 1/8 watt modern resistors, 
to act as a fuse. Modern resistors fail 
open rather than shorted like the old 
carbon composition ones did. This mica 
plague problem is common in the IF cans 
made under the Automatic Radio patents. 
They have mica wafers sandwiched 
between metal tabs in the plastic base of 
the IF can, but the mica is open to the 
atmosphere. The symptom is loss of 
sensitivity, inability to peak the tuning, 
and/or some signals coming through with 
a background noise like a local 
thunderstorm. These are made by various 
manufacturers under license from 
Automatic Radio. Other than the mica 
plague problem, they are high Q and 
pretty good design. Many people are 
terrified of disassembling the IF can. 
There are NO available replacements, so 
you have to learn how to do the careful 
work of repairing them, or have a junker 
chassis with good parts on it. 

The repair is simple, and there are 
several YouTube videosl showing the 


steps, so I will only outline it here. First, 


you have to get the IF can out of the radio 
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Figure 1: Bad Mica Parts from the IF Can 


by disconnecting all the leads and 
unsnapping the clip to release it from the 
chassis. Be sure to make a drawing so the 
leads find their way back home. Observe 
the green dot marking the grid 
connection, or mark the can, so you can 
get it back in place. Then remove the 
metal can by carefully bending the tabs 
that hold it to the plastic base. Put the 
innards of the IF transformer in a Panavise 
to hold it. You do not want it to spin 
when you are removing the rivet. 
IMPORTANT: DO NOT DAMAGE 
THE FINE WIRES GOING TO THE 
PINS IN THE BOTTOM! 

The next step is to remove the brass 
rivet in the bottom without breaking 
anything. Some recommend a Dremel 
tool with an oval grinding bit. These 
Dremel tools run fast, and can overheat 
the plastic and deform it. I prefer a Harbor 
Freight Bauer drill which goes very slow, 
and use a 4-inch bit to start the process. 
Once it looks like the rivet is almost 
there, I use a very sharp new drill bit with 
a knob for a handle turned by hand to 
finish it. You do not want to risk the drill 
catching on the rivet, and the drill forcing 
the IF can to spin out of control. The 


outer part of the rivet will finally get so 
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thin it comes off. The center part may 
still have a little flare to it, preventing it 
from passing upward. Carefully remove 
the swaged part of the rivet until it looks 
like it will go through. Take the IF 
transformer out of the Panavise. Be careful 
not to damage the fine wires. Note the 
position of the bottom cup shaped slug. 
Then screw it upward til it leaves enough 
space for the rivet to pass, once the rivet 
is ejected from the plastic base. Once the 
rivet is out, remove the metal cross clamp 
holding the mica pieces and the plastic 
insulator. Do not damage the fine wires. 
(Did I say that enough?) 

Now you will be able to see the problem 
of the contaminated mica insulators as 
shown in figure 1. Carefully bend the 
metal ears on the bottom pins up to 
release the mica. Slide the mica out. With 
avery small very sharp pair of wire cutters, 
remove the metal tabs back far enough so 
they do not short out when bent back 
down against the plastic base of the IF 
transformer. After you have everything 
in place, mount the IF transformer 
vertically in a Panavise. Mix up some 5 
minute epoxy, and carefully apply it to 
the base of the IF transformer to hold the 


tabs and contact pins in place, being 
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careful not to damage the wires. Be sure 
the wires route through the plastic fingers 
that form a loom. Be sure there is no 
possibility they will contact the metal 
can and short the circuits to ground. 
Leave the epoxy to dry an hour. Restore 
the lower slug to its original position. 
Then reassemble the metal can to the 
innards of the IF can. NOTE: Some cans 
have insulation wrapped around the 
contact pins to prevent shorts to the 
metal can. 
Secrets of the IF Transformer 
Connection 

When it was time to reinstall the IF can 
in the radio, I thought I had made a 
mistake in the drawing. The plate 
connections appeared to be non standard, 
reversed. A digital figure of the radio 
before disassembly showed the plate and 
B+ connections are swapped. It did not 
appear mechanically advantageous; why? 
I had NOS IF transformers with data 
sheets, and discovered the HQ-100A 
connection results in slightly less gain, 
but also narrows the bandwidth. The 
same thing occurs when you interchange 
the primary and secondary windings ona 
bel) turns gatio; style LF can.) DP hisi is 
according to the Miller IF can data sheets 
included in the NOS IF can box. See 
figures 2 and 3, the Miller data sheet for 
details. This information is about the 
center of the page. 

This information is not available in 


any of the radio handbooks or literature 
of the era. In the Radiotron Designers 
Handbook 4” edition, on pages 453 to 
459, the discussion does not directly 
address this issue. Terman’s Radio 
Engineer's Handbook does not clarify it 
either. In any event, the Miller data sheet 
explains why the HQ-100A has better 
than average selectivity for a two-IF stage 
receiver. 

I elected to rebuild the HQ-100A IF 
cans rather than replacing them. I 


inspected the interior of the NOS Miller 


IF can and it was a 1:1 ratio. The HQ- © 


100A IF cans are approximately 3:1 step 
DOWN. 

When reinstalling the stock HQ-100A 
IF cans, new mica capacitors must be 
added on the exterior of the transformer. 
The correct values are shown on the 
schematic: 100 pF for the primary (plate 
side) and 300 pF on the secondary (grid 
side). The values are different because of 
the turns ratio, and the differences in the 
inductance of each winding. Use dipped 
mica capacitors, not ceramic, for stability. 
On other radios using the Automatic 


Radio patent units, you can put a mica — 


compression trimmer across the windings 
temporarily to discover the approximate 
value. 

Before applying power, check for shorts 
to the can from any leads using an ohm 
meter. 


NOTE: It is normal for the top | 


diagrams of the reverse page. 


Data on gain and bandwidth given below is applicable to tube types listed. The 
applicationof I.F. transformers, however, is by no means limited to these tube 
types. On types 12-H and 12-C (262 KC and 455 KC) reversal of primart 
terminals (#4 to plate and #3 to B+) will result in somewhat less gain and 
bandwidth. Similar results on some types of transformers (except 12H-6 and 12- 
C6) will be obrained when interchanging primary and secondary. Transformers 
operating at 4.5 MC and 10.7 MC should always be connected as shown in 


Figure 2: Taken from the introduction to the Millen Ktran data sheet. 
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+ 
CAT. NO. 12-C1 455 KC INPUT 
CAT. NO. 12-C2 455 KC OUTPUT 
CAT. NO. 12-H1 262 KC INPUT 
CAT. NO. 12-H2 262 KC OUTPUT 


CAT. NO. 12-C7 455 KC INPUT BATTERY RADIOS 

CAT. NO. 12-C8 455 KC OUTPUT BATTERY RADIOS 

CAT. NO. 12-C9 455 KC INPUT AC-DC RADIOS 

CAT. NO. 12-C10 455 KC OUTPUT AC-DC RADIOS 

CAT. NO. 13-Wi 1500 KC INPUT OR INTERSTAGE TRANSFORMER 
CAT. NO. 13-W2 1500 KC OUTPUT TRANSFORMER 


Test Methods for 
Diagnosing IF Can 
Failure 

In the case of the 
last: LF. cany an the 
they ak 


dropping resistor was 


chain, 


obviously fried due to 
leakage to ground. 
After rebuild of the 
3 TF can, the receiver 
sensitivity was still 
poor, and there was 
the crackling sound 
clue. One or more of 
the remaining IF cans 


Figure 3: Also from the Millen Ktran data sheet showing 


terminal connections and part numbers. 


(primary) tuning of the IF can to be quite 
sharp. The bottom (secondary) slug tunes 
broadly. This is due to the turns ratio and 
Q. The final IF response curve for the 
HQ-100A is shown superimposed on the 
HQ-180A selectivity curves in figure 1 ; 
it shows about the same bandwidth at the 
“nose” but the stop band rejection is 
superior on the ‘180 due to the 60 kHz 
IF. The Q multiplier is a big asset on CW 
and the response is narrower, but it’s not 
as good as the HQ-180. 

NOTE: AM operators who want a 
wider more hi-fi response may want to 
connect the B+ and Plate connections 
reversed from the original HQ-100A 
method and make it like the data sheets. 
“Stagger tuning” the slugs (using a sweep 
generator) can also widen the response 
without impacting the skirts of the 
selectivity curves. I have also seen people 
install a small capacitor of 5— 10 pF from 
plate of the driving stage to grid of the 
next stage. While this will broaden the 
“nose,” it is likely to deteriorate the stop 


band attenuation further from the carrier. 
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was probably still 
bad. Which one? | 
injected 455 kHz 
signals into the 6BE6 grid as the manual 
stated, and maximum output did not 
pass through. The S meter was off zero 
due to leakage into the AVC line. I 
temporarily disconnected the couplate 
attached to the detector and rigged a 
solid state diode and resistor to detect the 
AM signal from the generator, while the 
AVC switch was set to manual. This 
allowed me to move the injection point 


UPPER LOWER 


LT LT AN ST 
OTN IT 
OETA na 


Fed coe re Le Eee BOS YT 
+ KILOCYCLES 
FULL RESPONSE CURVES ,BOTH S1DEBANDS 


Figure 4: HQ-180A vs. HQ-100A (Bold 
Line) Selectivity Comparison 
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around to isolate the 
probleninmilises sa 
blocking capacitor 
fatecmimetonil? SOOV. 
minimum on your 
generator output, to 
avoid grounding out 
the B+ through the 
generator. [his will be 
a very bad day for the 
generator if you forget. 
The 2" IF can was OK, 


AB2RA NOTES: TEMPORARILY 
TEMPORARY DISCONNECT 22 
DETECTOR AVC OFF 
HQ100A LIMITER OFF 
R21 
AUDIO OUT oF 
TO R27 
VIA : 
C41 GREEN DOT 


but the first IF can was 
bad. The stage gain 
through the last IF 


amp tube was OK, but 
the first IF stage gain 
was bad. I do not disassemble working IF 
cans due to the risk of damage. See figure 
5 for the temporary detector circuit. 
You can also bench test the transformer 


Figure 5: Temporary Detector Connections 


out of the radio before putting it back in, 
using the connections shown in the IF 
can test setup. This can also be a method 
to select the proper fixed capacitors to 


PRIMARY TRANSFORMER 
TEST TEST oprcen 
SCOPE DOT SCOPE 
7; METER Bian _7. METER 
NOTE: 
TEST EACH FOR 
MAX PEAK 
@ IF FREQ 
TEST 
SECONDARY Bel 
a CONTINUITY 
AB2RA 
IF CAN 
SCOPE 
= GREEN = (OUT OF 
DOT CIRCUIT) 


Figure 6: Test Methods for the IF Transformer Repairs 
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use to get the IF can resonant on the 
correct frequency. See figure 6 for IF can 
test methods. 

Connect a signal generator as shown 
using short leads. This is RF you are 
measuring. The scope must use a 10:1 
probe because it introduces less shunt 
capacitance. A meter must use a diode 
probe; a conventional AC meter and its 
leads will have too much 
capacitance, which detunes the circuit. 


shunt 


For the full transformer test, expect some 
loss. Also account for the turns ratio; the 
HQ-100A transformers are about 3:1 
step down. If both slugs peak properly, 
the IF can is good. Test coil DC continuity 
with a regular ohm meter. Be sure to test 
for shorts to the metal can from primary 
and secondary. 
IF Stage Details 

There is very little regeneration in the 
HQ-100A IF stages. I attribute this to 
the excellent plate decoupling for each 
stage via a 2.2k resistor and a ceramic 
bypass. Another very important design 
feature is the screens of the IF stages are 
derived from the regulated B+. While 
isolating the screens from the regular B+ 
as a feedback path, it also prevents the 
screen voltage from ever exceeding the 
plate voltage. This can occur if the AVC 
voltage gets high or the sensitivity pot in 
the cathodes is set to high resistance, if 
the screen voltage is derived from the 
plate B+ supply via a simple dropping 
resistor. I have a Lafayette HE-10 that 
may benefit from this treatment. It seems 
like a good design approach to use the 
lower regulated B+ for the screens of the 
RE and IF stages. 

Alignment Details and “A” Version 
Tracking Problems 

The alignment instructions in the 

original manual are incorrect; the correct 


adjustment locations are in figure 7. 
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During alignment, a problem surfaced 
that impaired reception at the high end 
of the upper bands. The RF stage grid or 
antenna circuit could not attain resonance 
within range of the slug or the front 
panel trimmer. This is caused by a design 
flaw introduced in the “A” versions of 
this radio as well as the A version of the 
HQ-180A and HQ-170A. The ‘170A 
exacerbated the problem by changing 
from a 3 gang tuning capacitor to a 2 
gang unit, leaving all the work to the 
antenna trimmer. Possibly other models 
are involved. The original model trimmer 
capacitor was mounted on the shield 
partition between the antenna coils and 
the mixer stage; it was driven by a dial 
cord from a pulley ona shaft that went to 
the front panel. After Gianinni Scientific 
(that bought out 
“improved” the design by mounting the 


Hammarlund) 


trimmer on the front panel, to eliminate 
the pulleys and dial cord, two problems 
arose. First, the cable capacitance of the 
long piece of coax added to the minimum 
capacitance of the circuit and put it out 
of range of adjustment. I tried different 
antenna coils salvaged from a HQ-170, 
and it did not work. Removing turns 
from the coil appeared to be a bad option 
when I opened one up to inspect it. How 
could they have missed this problem? I 
had to find a fix for that. 

Second, the coax and trimmer capacitor 
became a VHF tuned circuit, which 
introduced oscillation on the top band 
selection above 20 meters. This is a rookie 
design mistake explained in all the 
handbooks. This is also a problem I have 
observed in the HQ-170A as well as 
some HQ-180As. The fix is to put a 
series resistor between the main tuning 
capacitors buss wire and the inner 
conductor of the coax to de-Q the VHF 


The value I determined 
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6AQ5 455 
KHZ _| 
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Figure 7: The Correct Alignment Positions 


experimentally was 33 ohms carbon 
composition, non inductive. Use OX or 
OY type resistors from Mouser if you 
don’t have any old style carbon resistors. 
You may have to play with the value 
depending on lead dress and tube 
characteristics in your radio. 

After the HQ-100A was stabilized, I 
disconnected both ends of the center 
conductor of the coax. Leave the coax 
shield in place for grounding. Install a 
stiff solid wire, routed well away from 
other components from the VHF 
stabilizing resistor to the antenna trimmer 
on the front panel, replacing the coax 
center conductor. This has much lower 
capacitance, than the: coax NO fe: 
Because of the long lead length, you still 
need the oscillation suppressor resistor 
noted above. See figure 8. 
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I still found it necessary to bend the RF 
main tuning plates on the antenna section 
nearest the rear of the chassis outward 
from the stator to reduce minimum 
capacitance to get tracking within the 
range of the RF trimmer on the front 
panel. (See figure 9.) DO NOT BEND — 
THE PLATES ON THE BANDSPREAD ~ 
CAPACITOR. ONLY BEND THE MAIN 
TUNING PLATES ON THE ANTENNA 
SECTION FOR THE UPPER END OF 
THE TUNING RANGE! Jie 
significantly increased sensitivity on all 
bands at the top of the tuning range, but 
the effect on 15 and 10 meters was — 
dramatic. It still is barely within range of 
the trimmer. If I had a junk HQ-100, I 
would have salvaged the dial cord and — 
pulley mechanism and installed it here. 
This was about as good as it could get, — 
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The main tuning cap plates were bent to correct tracking errors 
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and well worth the effort. 

The sensitivity on the AM Broadcast 
band was still disappointing. Replace R3 
1k with 4.7k for better BC band 
performance. This is apparently to 
prevent oscillation near 1 MHz due to 
feedback. I found 4.7k was about as high 
as I could reliably go. You may experiment 
with your radio for the optimum value. | 
had a similar problem with a HQ-145 on 
the broadcast band. 

I installed an SO-239 antenna 
connector in the knock out nearby. This 
may have been intended for a second S 
Meter sensitivity adjustment pot. Most 
people use coax fed antennas, and this is 
important when using the HQ-100A as 
part of a ham station. 

Safety Polarization, Fuse, 
Thermistor 

I made the AC plug polarized by cutting 

the end of the plug spades near the hole 


and spreading the neutral contact so that 
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Figure 10: Locations of the AC Fuse and Thermistor 


it could only be plugged in the right way. 
I added a 2A fuse and thermistor in the 
hot side of the AC line near the entry 
point of the line cord. The thermistor 
limits inrush current, saving the filaments 
of the tubes and controlling warm up 
time. Use Mouser P/N 527-CL-90A for 
inrush current, rated 2A 120 ohm cold. I 
did not feel a 3 wire cord necessary, but 
use your judgment for your own gear. See 
figure 10. 
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A High-Performance Radio Transceiver Using 
Thermionic Valves (Tubes) 


By John Raydo, KOIZ 
kcflyers@yahoo.com 


Introduction 

At our radio club’s annual auction I 
bought an old military test unit. I couldn’t 
resist because it had this wonderful dial 
and silver-plated variable capacitor that 
would make a wonderful VFO. Now I 
had to build something with it. My last 
homebrew tube radio was back in 1961, 
a copy of a transceiver in QST earlier 
that year. Ultimately I decided my new 
project would be a “neo-vintage” radio 
for 20 meters with performance hopefully 
competitive with modern radios. 

Design Criteria 

Wietie eatiiest days of SSB (1948- 

1950) most transmitters used the phasing 


method at 9 MHz to produce SSB. This 
allowed output on two bands, 80 and 20 
meters, with only one 5 to 5.5 MHz 
VFO. When high-frequency filters 
became available, 9 MHz was again a 
logical choice. Of course technology 
continues to change dramatically but 
ironically Yaesu’s superb new 
PTDX101D uses a 9 MHz first IF. 
Properly designed, tubes can handle 
high input levels without overload. By 
using a single-conversion 9 MHz IF there 
are only two receiver stages between 
antenna and selectivity, the RF amplifier 
and mixer. However, many receivers and 
transceivers used double and even triple 
conversion. More stages before selectivity 
meant more opportunity for overload. 
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Figure 1: The author’s transceiver looks professionally built, which it is! 


tS 
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More recent equipment (non-direct 
sampling types) will reduce this problem 
with so-called “roofing filters” in the first 
Tk. 

By the 1960s, tube technology had 
been refined for over 40 years. The best 
of the tube equipment performed very 
well. Then along came solid state. The 
first transceivers still used tubes for the 
driver and final amplifier. But front ends 
using bipolar transistors were prone to 
really bad overloading. The next 
generation used FET’s that were better 
but still could not compare with good 
tube front ends. Diode switching of input 
filters typically used PN-type diodes 
rather than expensive (at the time) PIN 
diodes. The result was horrible IMD, 
and then a new, big problem: PLL 
synthesizers. 

Well-designed oscillators have low 
phase noise but PLL (phase locked loop) 
synthesizers were terrible. Check out some 
of the QST equipment reviews from the 
1980s and ‘90s. PLLs also suffered from 
slow frequency updates (turning the 
knob). So some equipment added an 
early version DDS (Direct Digital 
Synthesizer) within a PLL loop. That 


author in PDF format. 
18 Electric Radio #380 


helped with frequency updating but not 
much with phase noise. 

It was only in the last 15 years or so 
that synthesized VFOs using DDS (Direct 
Digital Synthesis) finally began to catch 
up with 1960 tube oscillator purity. 

Transmitter Details 

This transceiver is a compact single- 
conversion 20 meter SSB design with 50 
watts output. It uses 13 tubes, including 
the famous 6146 as final amplifier. I first 
mocked up a5 MHz VFO using the dial 
and variable capacitor from that military 
unit. It was quite stable and clean but I 
belatedly decided I wanted better 
frequency calibration. I could have used 
the VFO plus a frequency counter but 
didn’t have room on the panel for both. 
So the neat dial went back on the shelf 
and I switched to a DDS, compromising 
the vintage concept a bit. 

Most circuitry was “borrowed” from 
QST articles and commercial rigs in the 
1950s and ‘60s with a goodly measure of 
tweaking. 

A two-stage MIC amp is designed for 
high-impedance mics and uses a 7025 
(low noise 12AX7). The MIC jack is a 
.206 type 3-conductor, ring is audio, tip 


Figure 2, Block Diagram of the Transceiver: Full schematics are available from the ; 
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is PTT. This might seem an unusual 
choice but it matches the jack on my 
Collins KWM-2A so I can use the same 
microphones. Input is filtered for RF 
with a choke and bypass capacitor. The 
cathode resistors of both stages are not 
bypassed. The negative feedback reduces 
distortion and lowers AF gain to just that 
needed for the balanced modulator (2.8V 
P-P). The second stage is connected to 
the balanced modulator. Plate voltage to 
both stages is switched for transmit. 

The BFO (pentode half of a G6GH§8) is 
a crystal-controlled electron-coupled 
Colpitts circuit. The screen resistor and 
ratio between grid/cathode and cathode/ 
ground capacitors (1:5) were selected for 
best stability. Regulated B+ and careful 
temperature compensation further reduce 
drift to less than 2 Hz in 24 hours after 
30-minute warm-up. The Colpitts is 
considered to have excellent phase-noise 
properties but I do not have the test 
equipment to verify. 

The BFO is tuned to 9.000 MHz which 
is on the low side of the SSB filter. For 
carrier tune-up the frequency is shifted 
700 Hz higher into the filter passband. I 
borrowed this idea from the Drake TR-4 
radio. The oscillator plate is not tuned. 
Component drift in a z 
tuned plate circuit, 
even in an electron- 
coupled oscillator, will 
slightly pull frequency. 
The BFO is lightly 
coupled to the balanced 
modulator and receiver 
product detector. 
Balanced Modulator 

Tine balanced 
modulator uses a 6JH8 
sheets; beam .tube, 


Figure 3: Top View of the Balanced Modulator, Mic Amp, and the SSB Filter 
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similar to the famous RCA 7360. I tried 
both the GAR8 (GE) and 6JH8 (Sylvania). 
The GAR8 is an older design and carrier 
suppression tended to drift. Comparing 
the specs of the 7360 and 6JH8, the 
6JH8 is a better tube: It has a more linear 
transfer, twice the plate dissipation, and 
is much cheaper these days. The two 
tubes are not pin-compatible. 

I experimented with several circuits 
from the 7360 days and finally picked 
the one used in the old National NCX-3 
transceiver. B+ to the deflector plates is 
regulated. A trimmer capacitor and 
potentiometer adjust carrier balance. 
Carrier suppression with this circuit and 
6JH8 is in excess of 70 dB and very 
stable. To insert carrier for tune-up a 
panel-mounted “Carrier” pot unbalances 
the stage. Screen voltage is switched for 
transmit. 

The modulator output transformer is a 
modified Miller #1464 10.7 MHz 
discriminator transformer. The center- 
tapped secondary is used as the primary. 
Internal mica capacitors were removed 
and replaced by external capacitors to 
tune to 9 MHz. The transformer center 
tap is not bypassed to improve carrier 


null. The suppressed carrier output of 
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the transformer is lightly coupled to the 
cathode follower which feeds the IF filter. 
SSB Filter and IF Amplifier 

The cathode follower (triode half of 
receiver mixer 6GH8) matches the 
balanced modulator and receiver mixer 
outputs to the low impedance of the IF 
filter. I previously tried several methods 
of capacitive and inductive matching 
without good success. A cathode follower 
has high input and low output 
impedances, perfect for this application. 

Even though it’s an additional stage 
between the mixer and filter, it has no 
detrimental effect due to the 100% 
negative feedback inherent in the circuit. 
Incidentally, many published circuits over 
the years did not properly take into 
account the cathode impedance (1/Gm) 
and thereby used an incorrect cathode 
resistor. A 390-ohm cathode resistor in 
this circuit matches the filter’s 120 ohm 
input impedance 

The filter is a 9 MHz INRAD type 
#1901 upper sideband filter that is 2.5 
kHz wide, chosen for better transmit 
audio. This filter is sold as an upgrade for 
the Drake TR-4 radio and has an excellent 
shape factor and > 80 dB ultimate 
attenuation. The filter also adds an 
additional 30 dB of carrier suppression. 
My GPR-90 receiver, next to the radio 
drops, from a pinned S-meter (tune 
position) to S-@ (carrier nulled), barely 
audible. Sideband suppression is 50 dB 
at 300 Hz and >60 dB above 500 Hz. 

I am very impressed with this filter. It 
was the single most expensive component 
in the radio and worth it. The SSB output 
of the filter is loaded with a 120-ohm 
resistor and directly connected to the 
first stage GBAG IF amplifier used for 
both receive and transmit. Originally I 
had an IF transformer between the filter 
and IF stage. The IF transformer (along 


the back side) is not used but is still on 
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the chassis. 


The first stage IF amplifier is connected 


to the AGC/ALC line. On transmit the 
developed ALC reduces the amplifier gain 
for less drive to the 6146 final amplifier. 
During transmit the 9 MHz SSB RF is 


taken from the IF amplifier plate to the © 


transmitter mixer stage. The IF amplifier 
also connects to the second IF amplifier 
for receive. 

Mixer, Driver, and Final Amplifier 

The transmitter mixer uses a OBY6 
pentagrid tube with 9 MHz RF from the 
first IF amp connected to #1 grid and 5 
to 5.35 MHz DDS buffered output to #3 
grid. Screen voltage is switched for 
transmit. The 14 MHz output of the 
mixer is coupled to the driver stage. 

The 12BY7A driver has a 47-ohm 
resistor in the grid circuit to help stabilize 
the stage. An aluminum shield is placed 
across the tube socket to isolate grid and 
plate circuits. In addition, the screen has 
two screen resistors in series with a bypass 
capacitor between to reduce RF coupling 
into B+. Screen voltage is switched for 
transmit. The 14 MHz output is a band- 
pass with dual coils spaced 34” on center. 
The bandpass eliminates the need for 
exciter tuning. 

The 6146 final amplifier is neutralized. 
The grid circuit has a 510 pF capacitor to 
ground, the value selected so the 15 pF 
neutralization variable is at midpoint. 
Also in the circuit are a RFC and resistor 
feeding the ALC circuit and an adjustable 
bias potentiometer. ALC is produced with 
a commonly-used voltage-doubling 


circuit when RF drive exceeds the grid — 


bias voltage (about -50V) and produces ~ 


erid current. The plate circuit is a standard 


Pi-Network with designed Q of 12. My 


ee Se 


tuning variable was higher capacity than — 
I needed so a 20 pF capacitor was placed — 
in series. The receiver RF amplifier is also — 
connected to the pi-network via a relay. 
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For better linearity (lower IMD) the 
6146 screen voltage is regulated at 198 
volts using two 68V and one 62V 5W 
Zeners in series. A 3.5k resistor limits 
screen current to a relatively safe value in 
the event of loss of plate voltage or gross 
mistuning. Screen voltage is switched for 
transmit. 

Three low-value resistors connect the 
cathode pins to ground. The ceramic 
octal socket has the saddle-type ground 
lugs. This type socket is notorious for 
causing instability. I used multiple .01 
uF bypass capacitors to both the saddle 
lugs and to chassis ground lugs. A series 
resistor and potentiometer are connected 
to the cathode resistors and adjusted for 
150 mA full scale plate current (less 
estimated 5 mA screen) on the meter. 

Nominal loaded plate current is about 
115 mA. Output is 50 watts. I set the bias 
potentiometer for 25 mA resting current 
(AB1 operation) which helps linearity at 
a slight cost to output. I am using an 
RCA 6146 but have also tested with a 
RCA 6146B with no difference in 


operation other than adjustment to 
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Figure 4: This top view shows the 6146 final amplifier compartment. 


neutralization. 
Direct Digital Synthesizer 

The VEO was originally to be a Colpitts 
tube oscillator. Now I am using a DDS 
board from N3ZI using an output of 5.0 
to 5.35 MHz. The DDS is an AD9834 
10-bit ADC and 80 MHz oscillator 
controlled by a Micro ATMEGA168 8- 
bit microprocessor. I replaced the 50 
PPM crystal oscillator with a TCXO 
(0.1PPM accuracy, 1.0 PPM stability). 
First hour frequency drift from cold is 2 
Hz and phase noise specification is -130 
dBc at 1 kHz. A panel-mounted Bourns 
optical encoder (ENA13-C28-L00128) 
tunes the DDS. 

Although much cleaner than PLL 
circuits, all digital to analog converters 
(DAC) produce harmonics, spurs, and 
artifacts in addition to the fundamental 
carrier. In addition, phase noise is of 
concern if we want really high 
performance. 

The DDS board is operated from 
regulated 12 VDC followed by additional 
filtering for reduced close-in oscillator 


and DAC jitter. The DDS also has an 
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onboard regulator and low-pass filter. 
The entire DDS compartment is well 
shielded. ‘The 0.25 VP-P output. ts 
followed by a 3-pole Chebyshev bandpass 
filter centered on 5.25 MHz to virtually 
eliminate out-of-band spurs and 
harmonics. Phase noise specification for 
the AD9834 is 130 dBc/Hz at 5 kHz, 
which compares favorably to the Icom 
IC-7300. 

The 0.17 V output of the filter is first 
amplified in a little one-stage common 
emitter amplifier followed by a 6AU6 
buffer amplifier with a 5.25 MHz tuned 
circuit in the plate. Also in the plate is a 
series-tuned 15 MHz trap to minimize 
any third harmonic. The output of the 
buffer is lightly connected to the 
transmitter and receiver mixers. 

VFO tuning rate with my 128 cycle 
(step) optical encoder is 2.56 kHz/turn 
at the default 10 Hz setting and optional 
25.6 kHz/turn (100 Hz setting). 1 Hz 
and 1 kHz steps can also be selected using 
the front panel switches. Many other 
tuning rates are possible depending upon 
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Figure 5: DDS Board and 3-pole Filter on the Right 


the optical encoder and the DDS 
parameters that are programmed. I used 
TeraTerm software (free) and a USB to 
RS232 TTL converter. 

RIT (Receive Incremental Tuning) or 
XIT (Transmit Incremental Tuning) can 
be selected. In the RIT position the circuit 
is enabled only on receive via a relay 
contact. For XIT the circuit is enabled on 
transmit for split-frequency operation. 
The split frequency can be monitored by 
turning the switch to RIT, then back to 
XIT. I configured the DDS for three 
memories (30 max). 

Receiver Design 

The receiver RF amplifier uses a low- 
noise 6GM6 pentode (490-ohm 
equivalent noise resistance) with high 
overload capability. This tube has about 
3 dB lower noise compared with the 
more popular 6BZ6. Receiver noise figure 
is about 4 dB. Noise floor (MDS) is 
substantially better than -127 dBm, the 
limits of my testing capability. 

The grid is connected via a relay to the — 
transmitter Pi-Networkas the input tuned 
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circuit. During transmit the receiver input 
is switched to ground via a .01 pF 
capacitor. The grid has a 9 MHz series- 
tuned trap to minimize feed-through into 
the IF stages. The grid also has a 10 pF 
capacitor to ground to match receive/ 
transmit tuning on the Pi-Network. The 
screen voltage is switched for receive. 
The RF Amp and both IF amp cathodes 
apeimeanaected’ to the RF Gain 
potentiometer. The control is grounded 
during transmit. The RF Amp is 
connected to the AGC/ALC circuit. 

The receiver mixer is the pentode half 
of a 6GH8 with both RE signal and DDS 
buffer output to the grid. A pentode was 
selected due to much lower noise 
compared with a commonly used 6BEG 
pentagrid mixer. The screen voltage is 
switched for receive. The 9 MHz output 
plate circuit uses a toroid coil inside an IF 
transformer can and trimmer and 
connects to the cathode follower together 
with the balanced modulator output. 

The second 6BAG6 IF amplifier is used 
only for receive and is lightly coupled to 
the product detector. The screen voltage 
is switched for receive. An aluminum 
shield is placed between the two IF stages 
to eliminate coupling between the plate 
coils of the two stages. 

The 12AX7 triode product detector 
plate resistor is decoupled with a second 
resistor and bypass to reduce hum. Any 
remaining 9 MHz IF signal is filtered out 
by a series resistor and bypass to the AF 
amplifier stage. The other half of the 
12AX7 is used for AGC. 

The GEB8/6GNS8 (triode) AF amplifier 
grid has a switched bias to mute the stage 
during transmit. The output of the AF 
amplifier feeds both the AF output stage 
and the AGC amplifier. 

The 6EB8/6GN8 (pentode section) 
AF output stage is standard with a 
snubbing capacitor across the primary 
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and resistor on the secondary. The 
secondary (speaker) is lifted from ground 
during transmit to eliminate a switching 
“pop” in the audio. Plugging in either 
front earphones or rear speaker disables 
internal speaker. 

Theil 2AX7 triode audio: AGC 
amplifier has a traditional voltage- 
doubling circuit with delayed action set 
by a small amount of B+. The AGC and 
ALC circuits are connected together and 
do not require switching. Both are fast 
attack, slow release. AGC is applied to 
the RF amplifier and 1° IF Amp. The 
ALC is only effective on the 1“ IF amp 
since the receiver RF amplifier is disabled 
during transmit. 

The meter stage (triode section of the 
BFO 6GH8) is connected to the AGC/ 
ALC circuit and indicates both S-meter 
signal levels and ALC levels. S-meter 
readings are somewhat generous at higher 
levels and ALC indication is relatively 
low. The meter can be switched to read 
plate (cathode) current during transmit. 

An external amplifier can be controlled 
via an RCA jack on rear panel. Foot 
switch PTT via an RCA jack is also on 
tear. 

Power Supply 

The power supply is a separate unit 
and uses a 7-lb 300 VA toroid transformer 
with 275-0-275V winding and two 6.3V 
4-amp filament windings (Antek AS- 
37275). This transformer is of much 
higher capacity than needed but has the 
required voltages and was relatively 
inexpensive. It runs stone cold. High 
voltage is 775 volts, and 245 is the low 
voltage (using a 6H choke input). Bias is 
supplied from a backwards-connected 
filament transformer. A separate 12V 
filament transformer and low dropout 
regulator (KA278R12) provide 12V DC 
power to the DDS, DDS buffer, relays, 
and fan and can be separately turned on 
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for DDS setup. An 0A2 supplies regulated 
150V to the BFO, balanced modulator 
deflector plates, and DDS buffer. 

Construction Details 

A desire to make the radio as compact 
as possible caused some crowding of 
components and undesirable coupling 
between stages. Each tube filament pin 
was bypassed with a .01 pf capacitor. Lots 
of .001 and .01uf bypass capacitors were 
used throughout. Twelve .001uf feed- 
through caps were used between shield 
sections. The BFO +150V line was 
connected with shielded wire to eliminate 
a bit of BFO leakage. Debugging and 
numerous tweaks to the circuit took 
several months and much _head- 


scratching. All changes are incorporated 
on schematic pages. 

Scrap aircraft Teflon wire and shielded 
cable was used throughout. Yellow wire 
was used for filament and 12 VDC, red 
for B+, blue for switched B+, and white 
for misc. The color coding helped when 


Figure 6: A homemade bending brake was used to shape aluminum. 
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tracing circuits. DuPont jumper cables 
connect between the DDS board and the 
optical encoder, LCD, and DDS panel 
switches. 

All tube sockets are ceramic type from 
my junk box. The two plug-in relays are 
Omron MY4-12. Chassis potentiometers 
are miniature Allen-Bradley (1/2" dia.) 
to save space. I used modern % watt 
metal-film resistors. | founda U.S. source 
on eBay for NOS 500V silver mica 
capacitors. The DDS tuning knob cost 
$10 from MFJ and used on several of 
their antenna tuners. The backside was 
filled with scrap pieces of brass to add 
heft. I was very pleased with this knob. 
Other knobs are the 45KN series from 
Mouser. 

Some vintage parts were difficult to 
locate at reasonable prices, especially slug- 
tuned ceramic coil forms, tuning and 
trimmer variables, and IF transformers. 

Mechanical Details 
I had forgotten how much metal 
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Figure 7: The front panel was lettered before assembly. 


fabrication is involved with vintage 
construction. Cutting and bending 
aluminum had always been a problem 
with my limited home shop tools. The 
solution was a Concord brand 
Aluminum/non-ferrous Titanium 


Carbide TCG 10" carbide saw blade for 
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my table saw. It cut my aluminum pieces 
precisely and cleanly and I also used it to 
lightly groove the heavier aluminum to 
make bends. I was very pleased with this 
blade but it can be dangerous. Use cutting 
oil or stick lubricant. Be sure to go slowly 
when cutting and take great care not to 
<i aE Z 


Figure 8: Bottom View During Assembly 
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Figure 9: Bottom view showing the components. 


bind the blade. Kickback can be 
dangerous. Do not stand directly in line 
with the blade. 

I purchased my aluminum from 
www.onelinemetals.com. The chassis is 
a 0.090" (3003-H14) aluminum plate 
with flanges, 8 5/8" x 11 7/8". Front and 
back panels are 0.080" aluminum, 5 5/ 
8" high x 12". Greenlee chassis punches 
were used for tube sockets. The panel 
meter hole is 45mm diameter and cut 
using an eBay $7 carbide-tipped hole 
saw. The LCD panel cutout was made 
with a saber saw and cleaned up with a 
hand file. All aluminum pieces except the 
chassis plate were remade at least once to 
accommodate design changes. 

Most tube radios get pretty hot and 
this one uses 13 tubes on a compact 
chassis. For good ventilation the cabinet, 
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bottom plate, and shield covers are made 
from 1/16" perforated aluminum (3003- 
H14; 0.063°x 0.125 hole ee Gera 
stagger). Several 4” holes were drilled in 
the chassis around the 6146 tube socket 
and also into the DDS shielded 
compartment. To the extent I could find 
them I used heat-dissipating IERC tube 
shields. 

An 80mm x 15mm 12V DC muffin 
fan stirs up the air in the vicinity of the 
driver and final amplifier. During receive 
it runs on about 8.5 volts via a dropping 
resistor to minimize noise. Voltage is 
increased to 10 volts during transmit for 
more cooling but still low noise. Voltage 
regulators and power resistors were 
relegated to the separate power supply. 
The heat management was successful: 


the cabinet top gets barely warm, about a 
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10-degree rise. 

Many homebrew projects lack decent 
panel labeling. For this radio I borrowed 
an idea from Mike (KG7TR, an ER 
contributor) and used water slide decals 
to label the front and back panels and 
meter soueck out KG/TR.COM for 
examples of his beautiful projects. 

The graphics were prepared using 
Microsoft Publisher and printed on a 
sheet of decal water-slide laser paper 
(www.papilio.com). The panels were 
primed and painted and baked in the 
oven at 170 degrees for 15 minutes. The 
next day the decals were applied. After 
another day of drying the panels were 
again baked at 170 degrees for 15 minutes 
to set the decals. Two light top coats of 
matte clear spray finished the panels. 
The meter dial plate was removed; spray 
painted white, and a new decal scale was 
applied. 

The Results 

And how does it play, you ask? 
Compared with solid state radios clear 
through the 1990s and even some newer 
ones, I think mine is better. The receiver 
front end seems almost bullet proof. 
Signals pop up from almost total silence 
even with big signals just outside the 
passband. Oscillators are stable as a rock 
and AGC is smooth. I get many 
unsolicited compliments about the 
transmitter audio. In short, this is a radio 
that can be used without apologies. 

What would I do differently if I built a 
second one? Actually not much: A little 
shifting here and there where parts got 
crowded, especially the tubes and circuits 
along the back edge. The IF transformer 
originally between the filter and first IF 
amplifier is not used after the cathode 
follower was added on the input. I left it 
on the chassis. I would have had 1-”% 
inch of additional length along the back 
to spaced out the product detector/AGC 
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and audio. 

A 66mm speaker is mounted on the 
cover. It is not effective, likely because 
the entire cover is perforated and hence 
no baffle. I normally use an external 
speaker anyway. 

My test equipment includes a 
Tektronix 2465B 400 MHz scope, an 
HP 8656B frequency generator, and a 
Racal 1992 1.3 GHz frequency counter. 
tiie aP and) Racalware trequency 
controlled by a homebrew 10 MHz 
Rubidium frequency standard. My 1948 
Millen grid-dip meter was invaluable for 
making and adjusting the tuned circuits. 
The Chebyshev bandpass filter was tuned 
using my $50 nanoVNA. 

I have a Power Point presentation about 
my radio if you are interested in more 
details. 

The author, John Raydo, K@IZ, 
received his Novice license in 1957. From 
early on he has enjoyed designing and 
building ham radio equipment and 
antennas, and has written a number of 
articles for QST, QEX, and NCJ. He is 
an active member of the Johnson County 
(Kansas) Radio Amateurs Club 
(W@ERH). John is a graduate electrical 
engineer who also has a liberal arts degree 
in math and science plus an MBA. He 
started his career working for Trans 
World Airlines (TWA) in the engineering 
department and later headed up their 
Information Services and Purchasing 
departments. He is now retired from his 
second career as president of a securities 
broker/dealer he helped form. 

[Editor’s Note: John has full schematics 
in PDF format and a PowerPoint 
presentation. Both are available, please 
email John for copies! 
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The First Annual Hammarlund Radio Hullabaloo, 
November 19-21, 2020 


Celebrating the November 19" birthday of Oscar Hammarlund and the thankful 
community around Mars Hill, NC which hosted Hammarlund Manufacturing 


from 1951 to 1972. 


By Jerry Robinson, N4KJ 
jrtech323@gmail.com 


We had a successful event, making 
975 contacts over the 3 days (14 hours of 
operation). We made contacts in all 49 
states and 30 foreign countries. We had 
11 operators working mostly from their 
home stations, who made contacts on 
SSB, AM, CW, FT-8 and Slow-Scan 
TV. We also called on the Mt. Mitchell 


2-meter repeater, the highest repeater 


east of the Mississippi, so that local hams, 
who are not on HF, could participate. 

The operators were: Carl Batchelder 
(N4MNC); Ruth Berner (WA4VT); Ted 
Berzinski (KN4EXX); Dean Blair 
(K2JB); David Day (NIDAY); Harry 
Frick (KC4EZN); Howard Hazelrigg 
(W4PH); Sid Hendricks (W4IOE); Tim 
Reimers (KA4LFP); Jerry Robinson 
(N4KJ); Ralph Rognstad Jr. (W4RRJ); 
Zach Thompson (KM4BLG). 


Jerry (N4KJ) is shown with his SP-600, manuafctured in Mars Hill, NC, and used 
with a Viking II on 7290 kHz AM. 
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Ralph (W4RRJ) is on SSB during HRH using a Collins KWM-2 and 30L-1. 
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Mixology, Part 1 


By Grayson Evans, KJ7UM 
Tequesta, FL 


wa4evm@gmail.com 


In a previous article’, I talked about 
the history and technology of beam- 
deflection mixers. In the work I did 
designing and building mixers and test 
circuits I ran into an old and familiar 
problem: understanding how mixers 
actually work and why one mixer is better 
than another in different circuits. I 
learned that I was not alone in my 
confusion; for when I asked fellow hams, 
smarter than I, or read about mixer 
operation in electronic texts, it was clear 
that either they didn’t know much more 
than I did, or were not very good at 
explaining it. My goal in this article is to 
give you a better understanding of how 
they work, I mean actually work, so you ll 
be able to evaluate how mixer stages 
perform in a circuit, troubleshoot them, 
and design them from scratch. 

I sympathize with Bill Meara, 
(N2CQR) as he describes his frustrations 
in learning how mixers work in his 
book Soldersmoke,? “At times I thought 
that I understood it, but then I'd dig a bit 
deeper and find that my understanding 


are many paths to confusion in this area. 
You can be misled by graphical 
explanations and by ‘hand waving’ verbal 
descriptions. And I think that purely 
mathematical explanations fail to provide 
the kind of intuitive understanding we 
are looking for ...” 

My confusion was similar to Bill’s and 
a lot of that confusion was caused by the 
name “mixer” that implies that two signals 
are simply added together, or mixed. An 
additive mixer is what things like audio 
microphone mixers do, they add the 
amplitude of two different signals 
together (mix them) to produce a sum 
output. Radio mixers mix frequencies, 
not amplitudes (well, some), by a process 
of multiplication. In fact, they should be 
called multipliers and it’s why the 
schematic symbol for a mixer is the 
multiplication sign in a circle. A 
‘multiplier’ is a 3-port network, 2 ports 
being inputs, the third being an output at 
which appears, among many other signals, 
the sum and difference of the input 
signals, one of which is the desired signal. 
So where is the multiplication? Looks 
like addition and subtraction to me. 

If you research mixer circuits in 


was incorrect; of ‘at ny 
least incomplete. acta 
Mixers are absolutely 
key stages in almost all Signal A Signal 
amateur transmitters Usually the Output signal at a frequency 
Al pee re eee information signal that is the sum and difference 
k I'd ; r between A and B 

PO isc (ew etle If signal A is modulated then 
have to really Signal B signal C has the same 
understand how these Usually an oscillator modulation 
circuits work. There signal 


Figure 1: Typical Mixer Configuration 
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[Editor’s Note: In this article, due 
to a font conflict in the layout 
software, the expression 2 x pi will be 
seen as 6.28.] 


electronic textbooks, or you ask “experts” 
how they work, you will typically get two 
responses: 1) non-linear elements, and 
2) trigonometry. Both of these aspects 
play a role in mixer operation, both are 
pieces of the puzzle, but no text that I 
have found puts the two together in a way 
that makes sense. In this series of two 
articles, I’m going to do it. Stay with me. 
The Math “Hand-Waving” 

No self-respecting electronics textbook 
that covers signal mixing will let you get 
away without taking you through the trig 
equations that “explain” how it works. 
Sorry, it does not. No circuit knows 
trigonometry. 

It is possible to understand how mixers 
work without knowing anything about 
the math, but the math does help explain 
why one aspect of how mixing works, so 
I want to take you through at least the 
basics. This will only take a minute. 

The basic function of a frequency mixer 
multiplies one repeating periodic 
waveform by another (we will see how a 
little later). This multiplication can be 
represented by a simple trigonometric 
identity that models what goes on inside 
a mixer. It’s one of those things you 
might have learned in high-school trig 
class but quickly forgot. 

sine(a) * sine(b)=“cosine(a-b)-1/ 
2cosine(a+b) 

Wis ysays ‘that the result on the 
multiplication is two cosine functions, 
one at the difference of a and b, and one 
at the sum of aand b. A bit boring, but if 
a and b are two time varying signals, it 
gets more interesting. 

You can represent a sinusoidal radio 
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signal (f) as Asin( 6.28 *fa*t) where A is 
the amplitude of the signal, fa is the 
frequency and t is a slice of time. This 
simply defines the amplitude of the signal 
at any time t. You see this all the time as 
part of electronics formulas. Sin( 6.28 
*fa*t) is always a value between -1 and 
+1. If I substitute a radio signal sine 
function into the sine multiplication | 
get the expression below. 

Asin( 6.28 *fa*t) * Bsin( 6.28 *fb*t) = 
Y, A*B(cos( 6.28 [fa - fb]t) - cos( 6.28 
*(fa + fb]t)). 

The same expression but now with 
more interesting results. If you assume 
the amplitudes of the signals are just 1, it 
becomes 

sist O,20° fat): Sesint©.28*{b*t)x= 
Ya(cos(6.28[fa - fb]t) - cos(6.28[fa + 
fb]t)). 

It means that if you were able to 
multiply two signals together you would 
get that stuff with the cosines on the 
right. The important thing is what is 
inside the square brackets of the cosine 
terms: fa - fb and fa+ fb. These terms 
define the output frequencies that are the 
difference and sum of the input 
frequencies. Note that the original signals 
fa and fb are gone, “Poof,” They’re 
transported to the 4th dimension (not 
sure about this). 

You can have a little fun with this 
(during Covid isolation and no sunspots) 
by making your own Excel math mixer 
like I did (it took me awhile to get it right. 
Nothing I make works the first time)*. 
This will help convince you, as it did me, 
that the math actually works. 

The mixer spreadsheet consists of two 
signals A and B. Ais 1 volt, 200 kHz, and 
B is 0.5 volt at 150 kHz. I created a table 
of 360 different values of the waveform 
at small time interval samples. The first 
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few values of the 
spreadsheet is shown 
below: 

The A column is 


Asin(6.28 *fa* t). 


“Frequency 


The B column is |(23iaia ee a ‘ 
Bsin(6.28) itp. * 16): Time increment 0.0001 | 

The third column is | a | 0 0.0000. 
Sagat aaNet | 0.0001 0.1253 | . 

The output signal et ———4 —— —4 
apapleelaes araacehe | 0.0002 0.2487 0.0937 0.0283 
product of the input 0.0003 0.3681 0.1395 0.0513 

: Licance fap 
amplitudes (2 x 1X | 0.0004 0.4817 0.1841 0.0887, 
0.5) = 0.25V. The |fs e = ; eee eek 

: | 0. 0005 0.5878 0. 2270 0.1334 | 
complex output signal |) ee MRE sais: 
is made up of two | 0.0006 0.6845 0. 2679 0. 1834 
Cite) ea een LEG ae ee. isp EI Aine ; 

components) U2" |) 0.0007 0.7705 0.3064 0.2361, 
* pstees OO Sis Se RR Ss a a ae 1 Eales ee SF OS eS ee es 
cos(6.28 * 200t) and | 0.0008 0.8443 0.3423 ead 
0.25 cos(6.28 *150t). | paar t — : eS re at. 

This produces output Figure 2 


signal frequencies of 50 kHz and 250 
kHz shown in the figure 2 graph. 

To quote Bill Meara again; “The 
equations seem to be saying that the sum 
and difference frequencies that we see 
coming out of mixer circuits are caused 
by the multiplication of the two input 
signals. How does that work? At this 
point, many of the books seemed to 
chicken out on providing non- 


mathematical explanations. But for me, 
the math seemed to cry out for some 
explanation. The equations seemed to be 
saying that some very simple devices— 
one diode for example—are somehow 
able to take two input signals, multiply 
them together, and spit out new 
frequencies that are the arithmetic sum 
and differences of the two inputs. I found 
myself thinking “diodes are good, but are 


fa = 150 ki 


fo = 100 kHz 


1.0000 — 


0.7500 
0.5000 = Es 


fa + fb = 250 ki 


fa - fo = 50 kHz 


Figure 3: Shown is an Excel trig mixer output (250 kHz and 50 kHz) based on an 


input of 150 kHz and 100 kHz. 
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they THAT good? Who taught them the 

multiplication tables? And if we are 
seeking sum and difference frequencies, 
why don’t we use addition and 
subtraction? Why do we_ use 
multiplication? Understanding AM or 
SSB modulation means understanding 
how frequency mixing works, it just has 
to be understood.” 

So how do we teach diodes to do 
multiplication? In fact, simple electronic 
circuits can do math, or I should say, they 
can do things that are close to what the 
math describes, and to understand it, 
this is where the non-linear stuff comes 
in. If we had a circuit that could actually 
do the sine multiplication (other than a 
computer), that would be great, and 
everyone would just 


in practice, it is possible with limited 
input range, good design, and negative 
feedback, an amplifier can get pretty close 
to perfectly linear, but most of the time 
there is some non-linearity. 

For example, if we look at the grid-to- 
plate transfer characteristics of a typical 
amplifying triode it might look like figure 
2. The transfer characteristics are not 
linear. 

While a hypothetical perfectly linear 
response would be a straight line, real 
thermatrons (and transistor, FETs, etc.) 
have transfer characteristics that are a 
curve. Since the slope of the transfer 
curve at any point represents a 
transconductance at that operating point, 
the straight line would mean the 


use it and that would 
be the end of this 
article — but no! 
The “Non-Linear” 
Part 

Why do I need 
something that is non- 
linear to do 
multiplication? That's 
the next part of the 
story. No active device 
that I know of is 
perfectly 
meaning the output of 
the device or circuit is 
an exact replica of the 
input. A perfectly 


linear amplifier, for 


linear, 


example, with a gain 
of 10 will output a 
signal that is exactly 
the same wave shape 
as the input only 10 
times as large. While 


50 


nN 
Plate current (Ip) mA 


10 


Grid Voltage (Vg) 


Figure 4: This is a grid-to-plate transfer non-linear characteristic curve of a typical 


triode. 
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transconductance would be a constant, 
regardless of the grid voltage. For 
example, a straight line might give a 
voltage relationship of Vout = 10V in. 
The transconductance that the straight 
line represents means that the output 
will be an amplified replica of the input 
— no distortion. 

But the curved line represents a non- 
linear relationship called a square-law 
relation because the equation that defines 
the relationship of input to output 
squared: iterma (¢bhe 
transconductance changes depending on 
the operation point (grid voltage). To 
make an amplifier as linear as possible 
designers try to keep the operating range 
on the transfer curve limited and on the 


contains a 


most linear part of the curve. 

The curve can be described by a simple 
equation, for example, 

Vout = aVin + bVin2. 

Or, in the case of the grid-to-plate 
transconductance, 

Ip = aVin + bVin2. 

The aVin part represents a linear 
relation, but the bVin2, the exponential 
part, is what “bends” the line into a 
curve, making the 


gain change 


exponential over the range of the curve. 


BmA 


Signal in Plate current 


26mA 
2 
: Ao 
-6V 


The amount of non-linearity (the amount 
of curvature) is determined by the “b” 
constant. 

With this type of square-law 
characteristic, certain types of distortion 
will occur’. The larger the coefficient of 
the Vin2 term, the more curved the 
characteristic and the greater the 
distortion will be to the input waveform. 
The results of a sine wave input of 4Vp- 
p, with a bias point of -4V is shown in 
figure 5. The reason the output waveform 
is distorted is because the positive swing 
got amplified a lot more than the negative 
swing. 

The change that has occurred in the 
output creates second order harmonic 
distortion since a new frequency manifests 
itself at twice the input frequency. Why? 
Because the distorted waveform is now 
made up of (at least) two different 
frequencies. Really? Bill Meara explains: 

“Jean-Baptiste Joseph Fourier [SK, not 
a ham] discovered why. He figured out 
that any complex periodic waveform can 
be shown to be the result of the 
combination of a set of sine waves of 
different frequencies. No matter how 
distorted the output becomes, Fourier 
figured out that any complex periodic 


; 


St ee freq 
F 2F 


Vout 
a ete 


Figure 5: Square-law Distortion of an Input Sine Wave and the Resultant Second 


Harmonic Output 
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Figure 6: Jean-Baptiste Joseph Fourier 


waveform can be seen as being composed 
of sine waves of many different 
frequencies.” 

Remember, the amplifier does not do 
math, the math simply describes what 
the amplifier is doing. 

If we look at the output waveform in 
the frequency domain (on the right in the 
above diagram), you can see there is 
another frequency present in the distorted 
waveform. In particular, the result of the 
second order distortion is the second 
harmonic. The amplitude of that 
harmonic is a result of the amount of 
curvature (the coefficient of the Vin2 
term). That second harmonic is “buried” 
in the wave shape of the distorted output. 

Two Input Signals 

If I apply two signals to an amplifier 
with non-linear square-law characteris- 
tics, the results become a lot more inter- 
esting (to me anyway). Each signal will 
again have a second harmonic as you can 
see in the figure 3 spectrum output dia- 
gram. But now there are two additional 


signals, F2-Fl and Fl+F2. Where did 
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these come from? That is the interesting 
part. They come from the trig multipli- 
cation of Fl and F2. How did that hap- 
pen? That happened because one signal 
changes the other, and here is where the 
multiplication enters the picture again5. 

How active devices do multiplication 
(without a calculator)? 

The graph in Figure 5 can help me 
explain how non-linear devices can do 
trig. The graph is a part of the grid-to- 
plate transfer characteristics for a 6BAG 
remote cutoff pentode. I drew one curve 
for a screen-grid voltage of 75 volts with 
a plate voltage of 250 volts. You can see 
the curve has quite a square-law 
characteristic to it. On the right, next to 
the plate current axis (Ip), I added an axis 
for transconductance in pmhos (taken 
from another set of curves), as well as an 
axis to show typical amplification gain 
for an amplifier stage using the 6BAO. 

Normally, in an RF amplifier for 
instance, the tube, would be operated 
around a single control grid bias voltage, 
perhaps -2V, and a signal to be amplified 
is also applied to the control grid, for 
example +/- 0.5 volt. Over a small grid 
voltage range the curve slope change is 
small and transconductance does not vary 
a lot, but still, there will be some second 
order distortion and at least a second 
harmonic, but small in amplitude. 

But if the signal applied to the grid is 
large, as shown by signal F1, the operating 
point on the transfer curve will vary a lot. 
In this example it will vary from 0 grid 
volts to -10 volts, throughout the signal 
swing the transconductance will vary from 
4000 to less than 100. The signal-grid- 
to-plate transconductance Gm may be 
considered as periodically varying at the 
oscillator frequency, varying 
amplification from 50 to less than 1. 


This will cause a great deal of distortion 
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producing second and probably third 
order distortion products. Not good if 
we are using the tube as an amplifier. 
However, it is just what we need if I want 
a multiplying mixer. I will step you 
through it. 

If I apply two signals to the grid 
simultaneously, shown as F1 and F2, the 
larger signal will move the operating point 
on the curve that the smaller signal, F2, 
"geese 

Assume the tube was biased to -5v. 
When F1 is a 0 volts, the instantaneous 
operating point on the curve is at point 
B, F2 will therefore also operate around 
point B, in a small linear range, with an 
instantaneous transconductance of about 
400 producing a stage gain of 5 or a 
multiplication of F2 by 5. 

e As Fl waveform goes to Ov, the 
transconductance increases on the curve 
to 4000 (point C) and signal F2 is 
operating at OV bias anda multiplication 
of 50. 

¢ As Fl waveform transitions back 
through -5v, F2 is amplified by 5, 

¢ As F1 swings to -10V (point A), this 
causes the instantaneous transconduc- 
tance to drop to about 100. F2 gain is 
down to 1 or less. 

¢ As Fl swings through its sinusoidal 
waveform, F2 is multiplied by values 
ranging from 1 to 50 at the frequency of 
2s 

° As F2 is swinging through its 
sinusoidal values, it’s being multiplied 
by the operating point value of F1 as F1 
swings through its sinusoidal values. The 
resulting distorted waveform results in at 
least two additional signals (F1+F2 and 
F1-F2). It looks something like the time 
domain display in Figure 6. This is an 
example with Fl=10 MHz and F2=14 
MHz. 


An ideal linear amplifier will never 
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produce mixing. Even-order transfer 
curvature in a device characteristic is the 
nonlinearity needed for mixing. 

In my example, notice that I made F1 
much larger than F2. This was intentional 
since it made explaining the bias shift 
effect easier to see, but in fact most mixers 
work best when one of the signals is 
much larger than the other. How much 
larger? 

According to the RSGB Radio Design 
Handbook® the minimum peak oscillator 
voltage required for good mixer operation 
is approximately equal to one half the 
difference between the oscillator- 
electrode voltage needed for maximum 
signal grid transconductance and that 
needed to cut off the transconductance. 
In other words, at least half the transfer 
curve range. In my example, about 7.5V 
P-P. 

The amplitude of the multiplied 
products is directly proportional to the 
change in operating point that at least 
one of the signals can produce. If both F1 
and F2 were relatively small signals, the 
multiplication will still occur, but results 
will be even smaller and their amplitudes 
will be weak. In real world mixers, usually 
one signal is from an oscillator and 
relatively large, and the other signal (the 
signal whose frequency you want to 
change) is usually small. Unfortunately, 
your basic mixer circuit also passes Fl 
and F2 through plus distortion harmonics 
as I discussed earlier. They don’t just 
disappear like the trig functions would 
have you believe. These harmonics can 
also mix with the Fl and F2 signals 
generating a bunch of other outputs. 
Fortunately these are low amplitude and 
usually easily filtered out. 

[Editor: Grayson’s article continues 


next month!] 
LER 
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A Sample Of Signal Corps Gear, 1940-1945 


By Ludwell Sibley, KB2EVN 
102 McDonnough Rd. 

Gold Hill, OR 97525 
tubelore@jeffnet.org 


Introduction 

The U.S. Army published a massive 
study of its wartime purchases of 
equipment and supplies’ in 1959. This 
would be a dry topic for our purposes, 
except that it includes a lengthy list of 
gear bought by the Signal Corps for its 
use and for equipping the Air Corps. The 
list is hardly the entire spectrum of 
acquisitions - it’s “selected major items.” 
It covers mostly tactical gear, omitting 
fixed-plant equipment like that in the 
Army Airways Communications System, 
but is highly informative. It covers 
technology ranging from carrier pigeons 
to electronic countermeasures. 

The list below is in the format tabulated 
in the book, with the amount that the 
Corps bought, and notes added. 
Quotations from the book are in regular 
text; comments are in italic. Each Set, 
Complete, Radio (SCR) was made up of 
Basic Components (BCs), cited in the 
notes. 

The more common radio sets had a 
second career after the war: converted by 
“Surplus Hounds” 
transmitters and receivers. 
examples include receivers (the BC-312 
and BC-348), complete systems (the 
SCR-274-N family), and two-meter 
transceivers (the SCR-522). These stayed 
in wide use into the early 60s. The BC- 
610 transmitter is still a big-time 
collectible among AM enthusiasts. 


into amateur 


Famous 
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Ground Radio Communication 
Equipment 

(Short Range: up to 25 Miles) 
Portable Radio Sets: 
¢ SCR-194 (BC-222 transceiver), early 
28-38 and 38-52 MHz set for ground 
troops, 11,427 Units 
¢ SCR-195 (BC-322 transceiver), early 
52-65 MHz set for ground & airborne, 
9,253 Units, Output 750 mW at 60% 
modulation. 

These primitive VHF AM units, of 
1932 design vintage, were not first 
produced with Depression-vintage 
funding until 1937. They could be 
RC-66 
controller. They were quite simple: a 
VT-67 “30 Special” high-current triode 
superregen detector that became a 
modulated oscillator during transmitting, 
and a 33 pentode output tube / 
modulator. A look at the 1934 edition of 
the ARRL Radio Amateur’s Handbook 


shows a two-tube transceiver for the five- 


remote-controlled via the 


meter band that’s a close cousin of the 
BC-322. The dial of the BC-222 was 
calibrated only in channel numbers. 
Channels were separated by 400 kHz. 
Two plug-in coils selected the band. The 
{tansceiver sat on: top, of a BA-32 
customized battery. The quotation of 
60% modulation suggests that modulated 
oscillators didn’t give clean quality at 
high modulation depth. As with other 
1930’s gear, the nameplate claims it was 
“Designed at Signal Corps Laboratories, 
Fort Monmouth, New Jersey.” Basic 
requirements, doubtless; circuit and 
mechanical details, surely not! These sets 
did have a unique feature: a passive crystal 
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The BC-222 


calibrator. A 3.5 MHz quartz crystal was 
coupled to the receiver. If a switch 
shorting the crystal were open, and the 
set was tuned toa harmonic of the crystal’s 
frequency, the rushing noise from the 
detector would diminish and the dial 
could be trimmed to read correctly. 

“Normally, only two sets can be 
netted”: in a multipoint network, noise 
radiated by a receiver would desensitize 
the others unless they were well separated 
by 1000 feet” was a quoted example. 
¢ SCR-300 (BC-1000 transceiver) VHF 
40-48 MHz FM “Walkie Talkie” for 
ground troops, 88,040 Units 

* The British Wireless, Set 31° was 
effectively a BC-1000 with a different 
carrying harness, microphone, and 
headphones. 
e SCR-511 (BC-745 transceiver, BC- 
746 plug-in tuning unit, and T-39 chest 
unit) Lightweight guidon mounted HF 
AM. cavalry set, 24,384 Units. This set 
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BC-611 


was designed while horses were being 
phased out, but was used as a hand-held. 
It could be crystalled between 3.0 and 
6.0 MHz. Output, 750 mW. 
¢ SCR-536 (BC-611 transceiver) HF 
AM “Handie Talkie” for ground troops 
206,793 Units, Frequency range was 3.5 
to 6.0 MHz; transmitter output 27 mW. 
The set was a complete repackaging of 
the SCR-511 cavalry radio. Combat losses 
for these small sets were large, but they 
remained in use well into the Korean 
War. 
¢ SCR-694 (BC-1306 transceiver) HF 
AM-CW voice-code set for tactical troops, 
23,732 Units. Crystal-controlled over 
3.8 to 6.5 MHz. Powered by 6 or 12 volts 
via the PE-237 power unit, or the GN-57 
hand generator, or the BA-48 battery for 
the receiver alone. Output from vehicle 
batter was 25 watts on CW or 7 watts on 
AM. Forerunner of the AN/GRC-9. The 
BC-1306 was also part of the AN/TRC- 
2 dual-transceiver assembly. 

Vehicular Radio Sets 
e AN/VRC-3 VHF FM tank radio, to 
talk with SCR-300, 8,667 Units, This 
was, in essence, a vehicle-mounted BC- 
1000 with a PP-114 power supply 
replacing the batteries. 
¢ SCR-178 (BC-186 receiver, BC-187 
transmitter, BC-188 screen-modulator), 
early HF AM-CW set for field artillery 
3,137 Units, Sent and received 2.4-3.7 
MHz. Receiver powered by dry batteries; 
transmitter, by hand-cranked GN-37. 
“When carried in a pack, this set is called 
SCR-179.” The receiver had a 34 tetrode 
RF stage, 34 regenerative detector, and 
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two 30 triode audio stages. The 
transmitter was a 10 triode driving an 
865 tetrode. The modulator was two 50 
triodes in parallel. Output power about 
75 watts in CW use. 
e SCR-284 (BC-654 transceiver) CW 
and AM voice command set 63,972 
Units, Vehicle-mountable. but more 
usually a portable ground set, remote- 
operable via a field phone and RM-29 
remote-control unit. Power, at six or 12 
volts, came froma PE-104 vibrator supply 
and PE-103 dynamotor. Alternatively, it 
came from a GN-45 hand-cranked 
generator. Frequency range was 3.8-5.8 
MHz, variable, with crystal calibration 
oscillator. Output was rated at 11 W AM 
or 25 W on CW. Final amp was a 307A, 
a Western Electric type usually made by 
Sylvania or National Union. 
¢ SCR-510 (BC-620 transceiver), VHF 
FM set (20.0-27.9 MHz) for armored 
force units, 45,857 Units 
¢ SCR-608 (dual BC-683 receivers, BC- 
684 transmitter, BC-605 intercom amp) 
(27.0-38.9 MHz FM) for ground troops 
(artillery) 11,878 
e SCR-610 (BC-659 transceiver) VHF 
FM liaison set (27.0-38.9 MHz FM) for 
artillery 108,780 Units, Portable; 
powered br dry batteries in the CS-79 
case or by the PE-117 power unit. 

Medium Range, 25 to100 Miles 

¢ Portable Radio Sets 

e SCR-177 (BC-191 transmitter, BC- 
312 receiver, and BC-314 receiver) HF 
AM-CW set for ground and ground-to- 
air (and Coast Artillery) use, 4,627 Units. 
The transmitter contained a quad of VT- 
4C power triodes and a NT-25 audio 
driver. It was operable at 0.4-0.8 and 
1.5-4.5 MHz. The receivers were early 
military superhets. An earlier version had 
a single receiver, a BC-189. 


e SCR-593 (BC-728), AM HF warning 
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receiver for signals of SCR-543 (see 
below) 55,371 Units. Brick-sized 
portable with carrying strap and whip 
antenna. Gave four button-selected 
channels, settable at 2.9 io 6.0 MHz. 
Uses seven miniature tubes. Operable 
from dry batteries or vibrator power 
supply. 

Vehicular Radio Sets 
e SCR-193 (BC-191 transmitter, BC- 
312 receiver) AM-MCW-CW HF voice- 
code set 18,931 Units. Sent 1.5-4.5 
MHz; received 1.5-18.0 MHz. Power 
output 75 watts at 100% modulation. 
Tubes were backed-up 100%. 
e S$CR-245 (BC-223 transmitter, BG- 
312 receiver), AM-MCW-CW voice set 
for air or ground units, 11,513 Units. 
The transmitter was an 801 triode 
oscillator and amplifier with push-pull 
46s in the modulator. Transmitter sent 
2.0-6.5 MHz; receiver tuned 1.5-18 
MHz. Per TM 11-227, 10 April 1944, 
“vehicular radio set, most widely used 
medium range mobile set in Army.” SCR- 
245 was tried as an aircraft command set 
(too heavy) before the SCR-274-N was 
available. 
¢ SCR-506 (BC-652 receiver, BC-653 
transmitter) tank or combat-car voice- 
code set 17,272 Units. Surprisingly, the 
transmitter did have a key jack and the 
receiver had a BFO. 
¢ SCR-538 (BC-603 receiver, BC-604 
transmitter, BC-605 intercom amp), 
VHF FM set for mechanized and armored 
units, 40,097 produced. Usable at 20- 
27D Els 
¢ SCR-543 (BC-669 transceiver), HF 
AM voice command set for coast artillery, 
13,439 Units. A land-based adaptation 
of the Hallicrafters HT-14 small-boat 
radiotelephone. Usable on 6 preset 
channels from 1.68 to 4.45 MHz, 


Transmitter output 45 watts. A modified 
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version added a BFO for CW use. 
Long Range, 100 Miles and Over 
Mobile AM-CW Radio Sets: 
¢ SCR-299, -399, & -499 (BC-312 and 
BC-342 receivers, BC-610 transmitter, 
BC-614 speech amp, BC-939 antenna 
tuner), for higher tactical command 
headquarters (Corps and Division), 
14,706 Units. Famous sets that led to 
long-lived improved versions (AN/MRC- 
2; AN/GRC-26). The “299” was ‘the 
Ofigihal ina light van, the “399° va 
redesigned version in an HO-17 shelter, 
and the “499” repackaged for air 
transport. Transmitter sent 2.9-8.0 MHz; 
receivers tuned 1.5-18 MHz, Output was 
300 watts on AM, 400 on CW. The BC- 
610 was adapted from the Hallicrafters 
HT-4 amateur unit. 
Radio Remote Control Sets: 
¢ RC-261 (RM-52, RM-53) for use with 
SCR-608, -609, -610, -619, and -628 
47,906 
¢ Morale receiver, R-100/URR, three 
bands, AM, 85,212 Units. Steel-cased 
seven-tube AC-DC-battery set, developed 
as the Hallicrafters RE-1 Sky Courier; 
also known as the Espey 581. Tuned 
0.54-17 MHz with a bandspread feature. 
Air Radio Communications 
Equipment 
Components for SCR-274-N airborne 
command sets: 
e BC-453A Receiver (0.19-0.55 MHz) 
157,583 Units 
e BC-454 Receiver (3.0-6.0 MHz) 
161,875 Units 
¢ BC-455 Receiver (6.0-9.1 MHz) 
145,848 Units 
e BC-457 Transmitter (4.0-5.3 MHz) 
145,926 Units 
e BC-458 Transmitter (5.3-7.0 MHz) 
137,960 Units 
¢ BC-459 Transmitter (7.0-9.1 MHz) 
63,434 Units 
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BC-696 Transmitter (3.0-4.0 MHz) 
40,620 ° 

These are huge quantities, but do not 
reflect the Navy’s large purchases of 
equivalent radios in its RAT, RAV, ARA/ 
ATA, and AN/ARC-5 series. They also 
don’t include other SCR-274 ingredients 
like the VHF sets, BC-946 broadcast- 
band receiver, or BC-456 modulator. 
The rare T-15/ARC-5 through T-18/ 
ARC-5 transmitters, which handled 0.5 
to 3.0 MHz, are also absent. 

e Airborne set, AN/ARC-3, eight 
pushbutton channels 7,349 Units. The 
ARC-3 operated between 100 and 156 
MHz. The ARC-36 was similar, but 
expanded to 16 channels, while the ARC- 
49 gave 48. Transmitter output was eight 
watts. 

¢ Airborne set, SCR-522 (BC-624 
receiver, BC-625 transmitter, BC-602 
control box) VHF AM (100-156 MHz), 
for 24-volt battery use, 198,398 Units. A 
U.S. adaptation of a British design; these 
were also furnished to (and copied by) 
the Red Air Force. It gave four crystal- 
controlled, channels. 
Transmitter output was five to ten watts. 
It was the usual 24-volt design, but there 
was also an SCR-542 12-volt version. 

e Airborne set, SCR-287 (BC-348 
receiver, BC-375 transmitter), long-range 
liaison 102,508 Units. “Every” B-17, B- 
24, etc. had an SCR-287 and SCR-274- 
N. The BC-348 covered 1.5-18 MHz. 
The BC-375 accepted tuning units for 
0.26-0.5 or 0:65-12:5 MHzs The SGRe 
187 was a 12-volt version with a BC-224 
receiver. 

¢ Modification of (BC-611) “Handie 
Talkie” for gliders, SCR-585 (BC-721 
transceiver), 6,530 Units. Intended for 
removal from glider after landing and 
use on ground. 


autotuned 
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Wire Communication Equipment 
Intercommunication equipment: 

¢ BC-606, Interphone control box for 
various SCRs, 608,746 Units. 

e RC-36 (BC-347, BC-366), aircraft 
interphone, 113,845 Units 

¢ RC-99 (BC-367, BC-606, BC-739) 
interphone for tanks and other vehicles, 
28,280 Units 
Telephone Equipment: 

¢ BD-71, portable field switchboard, 
42,382 Units, Six-line mono-cord 
magneto board. (The BD-72 handled 12 
lines.) 

¢ C-114, Loading coil to extend field- 
wire range, 391,243 Units. Normally 
installed at one-mile intervals. 

e EE-8, Field telephone, in leather case, 
magneto or common-battery, 1,363,061 
Units. 

¢ SB-18/GT, Light emergency field 
switchboard (clear plastic connectors with 
neon lamps molded-in, 15,611 Units 
Teletype equipment: 

¢ EE-97, Teletype, used without 
commercial current, 22,604 Units. 
EROS) od eletype, 
commercial current, 4,860 Units. 

¢ TC-18, Repeater, terminal set, long 
teletype lines, 5,252 Units. 

¢ TT-6/FG, Teletypewriter. M15 (Bell 
Model 15), weather keyboard 7,631 
Units. 

e TT-8/FG, Teletypewriter, M19 (Bell 
Model 19), weather keyboard, 9,185 
Units. 

Other Communications Equipment 
Visual Equipment: 

¢ AP-50, 10 panels, cased, air-support 
recognition, 373,698 Units. 

¢ M-238, Set, 3 colored flags, for signals 
between tanks, 337,280 Units 

¢ Pigeon equipment: PG-46-A, loft, 60 
or more pigeons, 1,050 Units, Van-sized 


portable housing. 
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used with 


Airborne Radar 
Range Finding Radar: 
¢ AN/ APG-13, Range finder for B-25 
bomber nose gun, 1,529 Units. “Falcon” 
system, operating at 2800 MHz, for 75- 
mm gun on aircraft equipped for strafing. 
¢ AN/APS-13, Tail warning radar for 
Hehtetetgono 8 (nies. ail-end 
Charlie” detector operating at 410-420 
MHz. A bell and lamp alerted the pilot. 
Air interception radar, 
© SCGRe7Z0(BGs1091 et al), 5,107 
Units. Night-fighter set, reduced-size 
SCR-520 moved from S-band to X-band 
(9000 MHz). 
Search and Bombing Radars: 
¢ AN/APQ-7. “Eagle.” bombing- 
Units. Sét 
operating at 9000 MHz, highly precise 


through-overcast,963 


but operational only late in the war. 
¢ AN/APQ-13 “Mickey” bombing 
through overcast (Western Electric 
production) 5,865 Units. Set operating 
at 9000 MHz, standard equipment in the 
B-29 force. 
e AN/APS-15 “Mickey,” similar to APQ- 
13 (Philco production), 3,205Units. A 
U. S. version of British H2X X-band set. 
¢ SCR-717 (BC-1007 et al.) airborne 
surface-vessel detector, 3,820 Units. An 
S-band set operating at 3100-3400 MHz. 
e AN/CPQ-1 proximity fuze 
889,101 Units. This was a bomb version 
of the “VT” (variable-time) fuze. This is 
the widest-produced electronic device on 
the list. The surprise is that it had an-AN/ 
The-”C” 
transportable” - it certainly was! 

Radar Identification, Friend or Foe 

(IFF) 

Airborne equipment: 
¢ SCR-535, Transponder, Mark II, IFF, 
27,510 Units. An Early British design, 
responding to an incoming VHF radar 


pulse from the ground by returning an 
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number. indicates: air 


amplified echo. Obsoleted by microwave 
radars. 
¢ SCR-695, Transponder Mark III IFF 
(BE-7 0ommet (al 156045590 Unite 
Replacement version, responding to a 
separate interrogation in the 157-1987 
MHz band. 
Anti-aircraft Control 

¢ SCR-268 (BC-406 et al.) gun-laying 
and searchlight control (!), 2,984 Units. 
Prewar 205-MHz VHE design, captured 
by the Japanese and copied for testing. 
Replaced by SCR-584. Scrapping-out 
began in January 1945. 
¢ SCR-584 (BC-984 et al.) mobile 
microwave fire-control set, 1,610 Units. 
Famous S-band radar, used into the 60s. 
Original plans called for production of 
about twice the number shown; however, 
when the expected bombing of American 
cities did not occur, procurement was 
cut back. 

Operational Radio 
Fighter-Control Equipment: 
¢ SCR-573 A truck-mounted 
transmitter (dual BC-640s), 1,663 Units. 
Crystalled for 100-156 MHz, 50 watts’ 
output. Includes PE-95 trailer-mounted 
generator set. 
¢ SCR-574 truck-mounted receiver 
(dual BC-639 receivers, dual BC-686 
amplifiers, BC-638 freq. meter), 1,649 
Units. Tuned 100-156 MHz. 
¢ SCR-575 truck-mounted direction 
finder (dual BC-639 receivers, BC-638 
freq. meter, SCR-522 transceiver), 1,283 
Units. DF station for ground-controlled 
interception. Also coded AN/TRD-9. 
MINE DETECTION EQUIPMENT 
e SCR-625 (BC-1141). for metallic 
mines, 116,000 Units. Used C-446D 
13" search coil, BC-1141D amplifier, 
M-356D resonator (loudspeaker), and 
BC-1148D control box. Operated at 1 
kHz. Used a 1G6GT and two IN5GT 
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tubes. Range “about 2 ft.” 
¢ AN/PRS-1. for nonmetallic (or 
metallic) mines, 29,601 Units. Operates 
at 280-320 MHz. Detection depth said to 
be 7-%2”. Used DT-5 detector head and 
AM-32/PRS-1 amplifier. 

Navigational Radar Equipment 
¢ AN/APN-1, effective to 4000 feet 
35.397 Units. An FM device operating at 
420-460 MHz. 
e SCR-518 and -718 (BC-688. BC-689, 
BC-690, BC-788) effective to 40,000 feet, 
11,338 Units. A VHF pulse unit with 
circular-scan oscilloscope display. 
Aurborne equipment: 
¢ AN/APN-2 interrogator for paratroop 
beacons, 13,093 Units. The ground 
marker for the drop zone was the AN/ 
PPN-2. The system was our version of the 
British Rebecca-Eureka system. 
° AN/APN-4 LORAN-A receiver, 
navigation aid, 42.780 Units. The first 
airborne LOng RAnge Navigation set, an 
R-9/APN-4 receiver with ID-6/APN-4 
indicator ‘scope. Operating frequencies 
were 1750, 1850, 1900, and 1950 kHz. 

Navigational Radio Equipment 
Airborne receiver: 
¢ AN/ARN-5. For ground glide-path 
transmission, 44,047 Units. The main 
part is the R-57/ARN-5 (or R-89/ARN- 
5A) receiver. (There was an single-channel 
R-47/ARN-5 super-regenerator, tunable 
in the 333-335 MHz range, not favored 
because of lack of selectivity.) The R-57 
and R-89 were crystalled for 332.6, 333.8, 
or 335.0 MHz. These were early cases of 
military gear operating with 28-volt plate 
supplies, made expedient by use of tubes 
like the 6AJ5 and 28D7. The three 
versions, tubed differently, came from 
Bendix, Crosley, and Emerson. The 
ground transmitter was the AN/CRN-2. — 
¢ RC-103, for alignment of approach 
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(BC-733 receiver, BC-732 control box, 
I-101 indicator), 55,869 Units. Localizer 
receivers, the RC-103A ran on 28 volts; 
-AZ used 14. The Navy used RC-103 
also. Six crystal-controlled channels 
between 108.3 and 110.3 MHz. 
Reiss) (BG-1023 or =1033): for 
vertical beams from marker beacons, 
91,448 Units. Minimal three-tube TRF 
receivers set to 75 MHz. RC-193-A took 
28 volts; -AZ ran on 14; no high voltage 
in either one. 

Emergency Transmitter: 

e SCR-578 (BC-778) (500 kHz), for 
survivors at sea, “Gibson Girl” 117,809 
Units. Adapted from a German design, 
the NSG2 Notsendergerat (“emergency 
transmitter”). The generator crank 
keyed”SOS” and long dashes for 
direction-finding. Output was nominally 
4.8 watts, modulated at 1 kHz. A kite 
and a hydrogen balloon were included to 
support the antenna. The later version, 
AN/CRT-3, alternated between 500 and 
8280 kHz; the AN/CRT-3A model 
operated on 500 and 8364. It was carried 


on trans-oceanic flights far after the war 
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BC-733 (Left) and ARN-5A (Right) 


To the right is an 
early Gibson Girl 
and below is the 
later version! 
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- civilian aircraft included - with the tech 
manual being updated as late as 1970. 
The ‘nameé, celebrates Charles: Dana 
Gibson, a magazine illustrator of about 
1900-1920, famous for pen-and-ink 
drawings of models with tiny waists. 
Countermeasures Radar and Radio 
Radar: 

¢ AN/APQ-2 and -9. airborne barrage 
jammers,22,860 Units. These were 
countermeasures to the Wiirzburg gun- 
laying radar. The APQ-2 “Rug” produced 
five watts at 450-720 MHz from push- 
pull WE 388A door-knob triodes. The 
APQ-9 “Carpet III” replaced it, giving 
20 watts at 475-535 MHz from push- 
pull RCA 8012 triodes. The noise source, 
as in the early AN/APT-5, was a 931A 
photomultiplier illuminated by a pilot 
lamp. 

¢ AN/APT-1 and -2, airborne jammers, 
Low power, 13,561 Units. The APT-1 
“Dina” (DIrect Noise Amplification) gave 
12 watts at 90-220 MHz against the 
German Freya search radar and similar 
Japanese sets. The output tubes were 
push-pull-paralleled 832s for 150-220 
MHz, and an 829B paralleled with an 
832 for 90-150 MHz. The noise source 
was the same as in the APQ-9. The APT- 
2, Carpet’ jammer, was another 
Wiirzburg countermeasure, producing 5 
watts at 420-720 MHz. 

Radio: 

« ANIAR Dy .3ie7, alan he sbarrage 
jammers against German tank radios, 
etc., 1,300 Units. The photographed T- 
36/ART-9 is in the ART-6 through -11 
VHF family. Its dial indicates coverage 
from 36 to 49 MHz. It used a pair of 
Eimac 35TG triodes as a push-pull 
oscillator. 

¢ AN/CRT-2, parachute-dropped HF 


spark jammers, set of six, to disrupt enemy 
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The ART-9 


radio, 6,410 Units. The six apparently 
covered slices of the HF band. A clock 
timer controlled the start of jamming. 
Photographic Equipment 
¢ Camera: PH-104, with case and 
accessories, 4,182 Units 
¢ Projectors: PH-131, -398, and -402, 
16-mm movie, 16,195 Units. 
¢ PH-222,2"x2" slide projectomm4s2ar 
Units 
Meteorological Equipment 


Radiosondes: 


¢ AN/AMQ-1, to transmit weather data 
from air, 333,279 Units. VHF model, 
probably operating at 72 MHz. 
¢ BC-1253, to transmit weather data 
from balloon, 126;112. Units, UHF 
version, sending at 397 MHz, operating 
with the SCR-658 directional receiver 
on the ground. 

Wire and Equipment 
Wire Reels: 
¢ DR-4, for 2000’ twisted-pair field wire, 
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2,670,626 Units 
¢ DR-5, for one mile of W-110 wire, 
2,002,175. Units 
¢ DR-15, for Spiral-Four cable, 839,971 
Uints. 
Wire (Quantities in Miles): 
¢ W-110-B, twisted-pair 7-strand, 
3,346,452 Units. 4 strands of steel, 3 of 
copper, 190 ohms per loop mile, good 
for 11 to 17 mikes without loading coils. 
One may think of WW II as a radio war, 
but a lot of conductor mileage went into 
it. 
e W-130, assault wire, 950,458 Units. 6 
strands of steel, 1 of copper, no outer 
braid, 320 ohms per loop mile, good for 
7 to 10 miles. 
¢ W-143, 2-conductor parallel, 7-strand, 
179,548 Units 
¢ W-1-T2, single-conductor 1,422,557 
Units 

Test, Tool, and Maintenance 

Equipment 

¢ Test set I-56, for all radio servicing, 
33,308 Units. Came in several variations, 
comprising multimeters, tube testers, 
output meters, etc. The tube checker was 
usually an I-117 transconductance meter. 
¢ Frequency meter SCR-211( ) (BC- 
221()), used to adjust radio sets, 142,311 
Units. This was a precise heterodyne 
meter, with oscillator tuning 0.125-0.25 
and 2.0-4.0 MHz, witha 1.0-MHz crystal 
calibration standard. The need for quick 
production of this prewar design forced 
itinto 25 models, the SCR-211A through 
F, J through R, T, AA, AC, AE through 
Pii,-and Ak ‘through AL. ‘The BC- 
numbers varied accordingly. Cabinets 
were of aluminum or plywood. Six front- 
panel designs were used. The makers 
were Bendix, Cardwell, Philco, Rauland, 
and Zenith. The tube complements varied 
among big-pin, octal, and loktal. The 


variants led to a remarkably complex 
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instruction book (and logistics effort for 
spare parts). Long after the war, the 
amateur press promoted the conversion 
of a set to use field-effect transistors, 
meaning that the four No. 6 dry cells and 
135 volts of “B” battery were replaced by 
one 9-volt transistor-radio battery. 
¢ TE-33 tool set, with knife and pliers, 
in case, 978,085 Units 

Other Supplies and Equipment 
¢ Climbers for linemen, LC-5. -6, and - 
7, 275,344 Units. 
¢ Poles, 25 to 45 foot wood, 486,798 
Units. At the typical rate of 40 poles toa 
mile, that would be 12,170 miles, or 
halfway around the earth. 

International Aid Equipment 

¢ Russian-type field tekephine: EE-8A, 
steel-cased, 334,976 Units 
e Radio Sets 19 & 48, British, 117,247 
Units. The No. 19 was produced by 
Zenith; also made in Canada, and later 
sold surplus in the U. S. It was two 
transceivers in one assembly: an AM- 
CW-MCW set for 2.4-8.0 MHz; and 
AM on 229-241 MHz. The original 
intent was mobile use, but it was also a 
general portable set. It was distinguished 
by having a panel marked in English and 
Cyrillic characters. The No. 48, made by 
Emerson, was an HF AM-CW backpack 
similar to the British No. 18. The tubes 
were of American design, octals and 
loktals. It covered 6-9 MHz at 250 mW 
out. 
References: 


1. R. Elberton Smith, The United 


States Army in World War!! - The War 


Department - The Army and Economic 
Mobilization (Washington: U. S. 


Government Printing Office, 1959), pp. 
18-20. 


EAR 


February 2021 45 


2021 Novice Rig Round-Up 


The Novice Rig Roundup (NRR) is a week-long event at the first of March, in 
which quite a few hams from the US and Canada get together and operate old 
Novice-era rigs. In 2021, the event will be from March 6th, at 0000Z to March 14th, 
at 2359Z. This year will be the seventh annual event! 

It is contest-like but we don’t really compete for high scores. The tone for this 
event is nostalgia and camaraderie. 

Certificates are sent to all participants and we have a drawing in which random 
chance determines several prizes which are donated by supporters. For further 
information on the event there is a modest web site for the NRR at 
www.novicerigroundup.com. 
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The schematic below should be used to replace the original In Steve Harrison’s 
article in the January issue #379, A Dedicated Electrolytic Capacitor Reformer, 
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The Antique Wireless Association’s 
John Rollins Memorial CW/AM DX Contest 
March 10, 11, 13, and 14, 2021 


By Joe Fell, W3GMS 


wa3gms@gmail.com 


John Rollins (W1FPZ) was a major contributor within the AWA. Sadly he 
became an SK in 2008. To honor his outstanding achievements within the 
AWA, the previous OT DX CW Contest was renamed to the “John Rollins 
Memorial DX Contest.” 

For the second year, AM phone operation is included in this event. So if 
you're not a CW buff, dust off your AM gear and have some fun. Multiplier 
points are awarded for pre 1970 gear. There are no power multipliers. Power 
for this event is limited to 100 watts carrier output. 

Common gear manufactured prior to 1970 allows rigs such as Heathkits, 
KnightKits, Hallicrafters, Drake, EICO, and WRL to just name afew. You can 
also use gear from the 1929 Bruce Kelley event and the Linc Cundall event, 
either home brew or commercial. 

Remember, 80 meters for the second year is included in this event. Plenty 
of DX can be worked on 80M CW in the evening. Suggested frequencies for 
CW are 3.550-3.570, 7.030-7.060, 7.100-7.125, and 14.030-14.050. Suggested 
frequencies for AM are 3705, 3837, 3.868— 3.890, 7.280-7.295, 14.286 and 
14.330. These are suggested frequencies and if one part of the band is very 
crowed, make a contact anywhere on the band where that mode is permitted. 

Further details can be found on the AWA website at: https:// 


antiquewireless.org/homepage/event-details-for-rollins-dx-contest/ 


~ 
p 
bay 


y same ft TT 


A8 Electric Radio #380 February 2021 


AM Carrier Net: Sunday Mornings, 8:30AM local Eastern time, 3835 kc. QSX W2DAP, Friendly Format 

Antique Wireless Association AM Net: Sunday 16:00 EST, 3837 kc; Sunday 19:00 EDT. QSX Joe, W3GMS 
Arizona AM Nets: Sat & Sun: 160M 1885 kc @ Sunrise. 75M 3855 kc @6 AM MST. 40M 7293 kc 10 AM MST. 6M 
50.4 Mc Sat 8PM MST. Tuesday: 2M 144.45 7:30 PM MST 

Boatanchors CW Group: QNI “CQ BA or CQ GB” 3546.5, 7050, 7147, 10120, 14050 kc. Check 80M Winter Nights, 
40 Summer Nights, 20 and 30 Meters Day, Informal Nightly Net about 0200-0400Z 

California Vintage SSB Net: Sun. Mornings @ 8AM PST on 3860+ 

Colorado Morning Net: Informal AMers on 3875 ke Daily, Mornings Only at 6:00 AM MT QSX KO@OJ. 
Also try Sunday morning at 6:00AM MT on 3885. 

Collins Collectors Association Nets: Sunday 14.263 Mc @ 2000Z. SSB nets Tue.& Fri. 3775 kHz, 8:30 - 10:00 PM CT. 
Fridays 3895 kHz PM PT. The CCA First-Wednesday AM Night: check + 3880 kHz at 6 - 8 PM in the East, 7 PM Central 
8 PM Mountain and Pacific Time Zones 

Drake Technical Net: Sunday 7238 kc, 4PM Eastern. QSX Jeff (WA8SAJ), Mark (WBOIQK), Doug (W9IDCQ), Bob (W4WTO), 
Evan (K9SQG) Drake Users Net: Check 3865 kc, Tue. Nights @ 8 PM ET. QSX Evan (K9SQG) Drake WestCoast Net: 
3895 kc +QRM, Thursdays at 8:00 PM Pacific Time 

DX-60 Net: Meets on 3880 kc @ 0800 AM, ET on Sun. QSX Steve, W8TOW 

Eastern AM Swap Net: Thu. Evenings on 3885 kc @7:30 PM ET. Net is for exchange of AM related equipment only. 
Florida AM Group: Sunday Morning Roundtable 3885 kc, 6:30AM Eastern Time, with 6AM Eastern Time pre-net. 
Fort Wayne Area 6-Meter AM Net: Meets nightly @ 8 PM Local ET 50.580 Mc. Modes: Tues: SSB, Wed. FM, Thurs, AM. 
Gulf Coast Mullet Society: Thu. @ 6PM CT, 3885 ke, QSX control op W4GCM in Pensacola. 

Grey Hair Net: A continuous active net since 11/24/1953! 160 meter AM Tue. evening 1945 kc @8:00 PM EST and 8:30 EDT. 
Heathkit Net: Sun. on 14.293 Mc 2030Z right after the Vintage SSB net. QSX op W6LRG, Don 

K6HQI Memorial 20 Meter Net: Now meeting Only Wed, 5PM PT, 14.330 Mc. Listen for Clark (KE7TRP in AZ) and 
KB3RHR in PA. Many newer AM’ers have found this net! 

Vintage Radio Brass Pounders Net: Saturdays @9 AM ET on 7092 kc. QSX op Ron (W8KYD) or Jeff (K3K YR) 
Midwest Classic Radio Net: Sat. Mornings 7:30 AM, CT, on 3885 kc. Only AM checkins. Swap/sale, hamfest info, tech info. 
QSX John, K9KEU. For info email N)CQX@hotmail.com 

Mighty Elmac Net: Wed. @8PM ET (not the first Wed., reserved for CCA AM Net), 3880 kc. QSX: Rex WA6GYC 
MOKAM AM’ers: 1500Z Mon. thru Fri. on 3885 ke. A ragchew net open to all interested in old equipment. 

Northwest AM Net: AM daily 3870 kc 3PM-5PM winter, 5-7 PM summer, local. 6M @50.4 Mc. Sun., Wed. @8:00 PM. 2M 
Tues. and Thurs. @ 8:00 PM on 144.4 Mc. 

Nostalgia/Hi-Fi Net: Started in 1978, this net meets Fri. @7 PM PT, 1930 ke. 

Old Buzzards Net: Daily @10 AM ET, 3945 kc in the New England area. 

Old Military Radio Net: East coast, Sat. mornings starting 0500, 3885 ke + QRM. QSX Ted, W3PWW 

Philadelphia Area 6 Meter AM Net: Every Wednesday night 9PM, about 50.400. QSX Steve, K3ALV 

Southeast AM Radio Club: Tue. Evening Swap, 3885 @7:30 ET/6:30 CT. QSX op Andy (WA4KCY), Sam (KF4TXQ), Wayne 
(WB4WB). SAMRC also for Sun. Morning Coffee Club Net, 3885 @ 7:30 ET, 6:30 CT. 

Southern Calif. Sun. Morning 6 Meter AM Net: 10 AM on 50.4 Mc. QSX op is Will (AA6DD) 

Swan: User’s Net: Sun 2100z 14.293Mc +QRM. Op Rotates: Bill (W4WHW), Jay (WBOMWL), Duncan (WDS5IKY), 
Jack (KG5GP), Steve (W4ASM). Tech Nets: Wed 1700ET 14.293Mc. Op Jack (KGS5GP) Sat 1400ET, 7.235Mc. Op 
Stu (K4BOV), Bill (W4W4W 

Texoma Trader’s Net: Sat. Morning 8:00AM CT 3890 kc, AM & Vintage Equip. Swap Net 

Vintage SSB Net: Sunday 1900Z-2000Z 14.293 & Wednesday 0300Z. Net Control Rotates, QSX Lynn (K5LYN), 
Andy (WBO@SNF) or Al (W8UT), Roger (KD7HH), and Mike (N6CMY) 

West Coast AMI Net: 3870 kc Wed 7PM PST 8PM PDST. Early Check-ins: Skip (K6LGL) 6PM PST 7PM PDST. Net 
control rotates: Brian (NI6Q), George (WA6HCX), Sharon (K6IRD), Steve (KF6SYD), Vic (K6IC) 

Westcoast Military Radio Collectors Net: Sat. 6:00PM PT, 3985 ke + QRM. QSX Dennis, KD6TKX. www.mrcgwest.org 
West Coast Vintage Military Radio Net: Sunday at 8 AM local Pacific Time, 3974 kc AM 

Wireless Set No. 19 Net: Second Sun. 7270 ke (+25 Kc) @ 1800Z. Alternate 3760 kc, +25 kc. QSX Dave (VA3ORP) 
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CLASSIFIEDS 


Advertising Information: Please Read 


Ads received AFTER the deadline will be held for 
the NEXT issue. 


How to SubmitAds: WEGREATLY ENCOURAGE ALL ADS TOBE 
SENT BY EMAIL. Ads are printed the way they are received. If an ad 
must be sent by regular mail, neatly print or type the information so it 
is LEGIBLE. Ads that are not legible will not be included. We are not 
responsible for ads sent by mail that are lost by the postal system or ads 
that are not legible. Not all readers use email, so include phone 
numbers if a response is desired. 


Do not mail ads a week before deadline and expect them to 
show up the following month. 


Ads run ONE month UNLESS CLEARLY STATED otherwise. 


monthly, directly below where it says “Deadline.” Email is prefered for 
receiving ads. Please email for the display ad rates, they are different 


from regular classified ads. 


How to Count Words: The words “FOR SALE” or “WANTED” and 
all of your contact information counts as 7 words total no matter how 
many real words there may be. Contact information is: Your name, 
address, phone, email, etc. Then, 20 minus 7 equals 13 words remaining 
for the description. Hyphenated and slashed words/numbers count as 
2 words. 


Subscribers receive 1 free 20-word ad per month. Extra words 
are 20 cents. Please count the words in your ad as above. If you 
are over 20 words, send payment for the extra words at 20 cents 
for each word by check or money order in the mail, or via PayPal. 
Non-subscribers: No Free Words, Ads must be prepaid. $15.00 minimum 
for each ad up to 20 words. Each additional word is $1.00. 

Electric Radio 

PO Box 242, Bailey, Colorado 80421-0242 

Ray@ERmag.com (Emailed ads are preferred.) 
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SSB Adapters from Treetop Circuits 
Available for Collins 51J3/4, R-388, R-390(A), 75A2/3, Hammarlund SP-600 
Installed in Receiver and Powered By Receiver 
Control functions, look, and feel are unchanged. Adapter is activated when you turn 


on the BFO. 


SSB performance is greatly improved. 


We recommend you visit www.treetopcircuits.com for complete manuals. 


Email: radio@treetopcircuits.com Phone: 613-449-7931 


MANUALS FOR SALE Military Radio 
manuals, original. & reprints. List for 
address label & $1.50. For specific 
requests, feel free to write or best- email. 
Robert Downs, 2027 Mapleton Dr., 
Houston, TX 77043, wa5cab@cs.com 


FOR SALE: | have collected for 40 years 
and have decided to start scaling back. 
Equipment includes Collins, B&W, 
National, Millen, Stancor, Central 
Electronics, Eldico, BC-610 with 
modulator and support equipment. | have 
test gear from General Radio, RCA, 
Triplett, Tektronix, Sierra and HP. The list 
includes a 1940’s vintage 250W RCA 
transmitter, vintage RCA console, a pair 
of RCA AR-88 diversity receivers, 
modulation monitors and other broadcast 
gear. Lots of military gear including a 


WWII Collins fixed station transmitter. Most 
of this gear will require pickup in the 
Houston, TX area. If interested in a 
complete list and pictures, please call or 
email me. Tom Smith, N5AMA, 13826 
Oak Fair Bend Cypress, TX 77429 


FOR SALE: Got 12 feet of bookshelf 
space? Fill it with QST, 1925 to 1975! 
Professionally bound. Volumes 1931 to 
1975 are like new. Volumes 1925 to 1930 
are good but somewhat worn. July- 
December 1927 and January-June 1928 
are unbound. All yours for $100 to cover 
UPS shipping. W6FA @caltech.edu. 


FOR SALE: Collins transceiver RT-91/ 
ARC-2 without dynamotor, pickup only, 
$95, as is. Toshi Yamada, 7107 175th PL 
SW, Edmonds, WA 98026 


jaiftc @ hotmail.com 


RF Connectors & Gadgets 


www. W5SWL.com 


Specializing in RF Connectors & Adapters - BNC -C - DIN- FME-N-SMA-TNC- 
UHF & More 


Attenuators- Loads & Terminations-Component Parts- 
Hardware-Mic & Headset Jacks 

Mounts- Feet - Knobs- Speakers - Surge Protections - 
Test Gear Parts- Tools 


W5SWL Electronics 
PO Box B 
Mulberry, AR 72947 


www.W5SWL.com 


\ 
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WANTED 


Ham Radio, Vintage Audio 


and Tubes 


Based out of Nevada, we travel the 
Western United States buying sur- 
plus equipment. We buy vintage 
and modern ham gear, as well as 
high fidelity audio and tubes! 


Ham Gear Vintage Audio 
Tubes Large Speakers 


Military Equip Telephone Equip 


Boat Anchors Old Computers 
Manuals Test Equip 


Components .. and more! 


Call or email for info... 
1-866-988-0073 
KG /LOV@hamandhifi.com 


52 


Electric Radio #380 February 2021 


FOR SALE: Two Hallicrafters SX-42, $50 
each plus shipping (approx. $100, ea.). 
Will deliver locally. Skip Magnuson 
W7WGM, Spokane, WA, 
magnuson @mac.com 


FOR TRADE: Restored, retuned, 
recapped 1946 Hammarlund SP-400 
receiver with original power supply. Pick 
up only. Looking for a working HF tube 
transceiver. Bruce KT4ET, Deming, NM 
kt4Et@arrl.net 


FOR SALE: Kenwood battery charger, 
batteries, and more $60. Roger, PO Box 
224 Gloucester Point, VA 23062-0224 
804-642-2076 


FOR SALE: ARC 5 Radios, trans. Mod. 
Rec. Dynamotors, Ant Relays Etc. for 
pictures and prices. Buddy WB4ARK, 
buddyh @ bellsouth.net 


FOR SALE: Visit the W1BCC boat anchor 
boneyard on QRZ. Parts or projects. 
Brad @ Councilman.com 


FOR SALE: Valiant & Ranger VFO dials 
$21.95, Ranger long bolts (3) $19.95, 
Valiant long bolts (4) $23.95, plus 
shipping. K1TLI, 508-965-7400, 
www.johnsonradioresto.com 


FOR SALE: Southeast Gulf Coast: Good 
condition Tube Era Transmitters & 
Amplifiers by C.E., Collins, Hallicrafters, 
Heath ready to pick up for any fair offer. 
See my QRZ page: https://www.aqrz.com/ 
db/W5JV Doug Hensley, 5678 College 
Drive, Baton Rouge, LA 70806 
W5JV @ hotmail.com 


FOR SALE: SSB Adapters for Collins 51J, 
R388, 75A, R390, Hammarlund SP600 
series receivers. 
www.treetopcircuits.com 
radio @treetopcircuits.com 613-449- 
7931 

FOR SALE: VINTAGE ALPHA AMPLIFIER 
OWNERS! New replacement front panels 
and covers for Alpha 76A, 78, 374A, 77Sx 
and PDX Available from 
www.islandamplifier.com or contact John 
Stanford, KF6l, directly at 
wb8svn @gmail.com or 714-412-7399 


FOR SALE: HF Radio interfering with your 
phones? Try these plug and play filters. 
1st for $4, others $3 each plus shipping. 
Brian Harris WASUEK 
cosmophone @ yahoo.com 


mie Deaths FOR BOATANCHOR RCVR 


: DD-103 Unive al 


MODE / CAL 
am a 


Works With Noany Ary Receiver Or PopularTra nsceiver 
Connects To The VFO « Many Radios Pre-programmed 
THIS IS NOT A VFO ¢ IT IS A DIGITAL READOUT 
Order @ kk4pk.com $135.00 + $10 S/H Custom Cables Extra 
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The Collins 75A-4 Handbook 
This is a newly revised and expanded 239 page bound book, professionally printed with 


a soft cover, and having all the factory service bulletins from the Collins Radio Company, 
and Collins Addendum info notin the service bulletins. It Includes all-new articles never 
published in Electric Radio, plus all thirty-three 75A-4 articles printed in Electric Radio 
since 1989, some of which are out-of-print in the back issues. Many pages are now in full 
color. This expanded version highlights the history and development of the 75A-series of 
receivers that began in 1946 at the Collins Radio Company, eventually leading to the 
famous Collins 75A-4 receiver, as documented in many articles over the years in Electric 
Radio magazine. These articles discuss the background that lead to the 75A-4 with 
interviews from legendary radio engineers such as Gene Senti and Roy Olson (the A-Line 
designer). These engineers are no longer with us. It has all the articles in CQ, Ham Radio, 
and QST over the last 50+ years. A special section explains the cathode-coupled, dual-triode 
receiver mixer, commonly calleda “Pullen mixer,” with information on its designer, Keats 
Pullen, showing his original mixer documents. Another special section details component 
identification in the 75A-4 so that repairs can be made efficiently. 

It includes a rare Collins document from 1957, TM-303-9, Production Test Procedure 
for 75A-4 Amateur Receiver by George Stevens, WOATA, a retired Collins test engineer, 
plus all-new articles never published in Electric Radio. 

See the ER Bookstore for ordering information! 
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EZ Hang, Code E 
75 Goldfinch Way 
Capon Bridge, WV 26711 


www.ezhang.com 


Call Today! 


HANG YOUR NEXT WIRE ANTENNA WITH THE NEW 
EZ HANG SQUARE SHOT! 


EZ Hang’s custom construction is welded/ 
bolted steel attached to a reel that is corrosion- 
resistant plastic and stainless steel. New design 
sling shot (U.S. Patent No. 6286495), with new 
wrist support to fit a man’s hand, with new UV 
resistive 11-inch long bands will help you reach 
that extra high shot. The pouch is 1-3/4" wide for 
easy grip. [he EZ Hang square shot will clear a 100- 
foot tree with ease. EZ Hang kit is $99.95 + $9.05 
shipping. The EZ Hang comes with a one year 
limited warranty. We now have 14,000 satisfied 
customers around the world! 


304-856-1026 


FOR SALE: Heathkit Book: Classic 
Heathkit Electronic Test Equipment by 
Jeff Tranter. $19.95 from lulu.com and 
amazon.com 


FOR SALE/TRADE: Transmitting/ 
Receiving tubes, new and used. LSASE 
or email for list. WANTED: Taylor F52, 
8008, TR40M and Eimac 100/G. John H. 
Walker Jr., 13406 W. 128th Terr., Overland 
Park, KS 66213. PH: 913-782-6455, E- 
Mail: jwalker83 @kc.rr.com 


DRAKE OWNERS: Solid State LED Lamp 
replacements for all 4-line and 7-line 
equipment. Don, N9O0O, WEB: 
www.radiolabworks.com/products or 
phone 262-358-0266 


SERVICE FOR SALE: R390A repairs & 
rebuilding. Bill Riches, WA2DVU, Cape 
May, NJ. 609-465-5005 
bill. riches @ verizon.net 


QSLs FOR SALE: Your old QSL card? 
Search by call free, buy find at $3.50 ppd. 
Chuck, NZ5M, nz5m @arrl.net 


SERVICE FOR SALE: Let’s get that old 
radio of yours working again! Antique 
Radio Repair - All Makes- Also Transistor 
Radio Repair. Tom Senne, AC8DA, 937- 
258-0124, Dayton OH,  hittps:// 
TomsAntiqueRadioRepair.com 
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MANUALS FOR SALE: Hundreds of 
manuals available for vintage ham gear, 
test equipment and other electronics. High 
quality photocopies at reasonable prices. 
Some originals also available. Please 
email or call with your needs. David 
Crowell, KA1EDP, 401-934-1845 
kaledp @ yahoo.com 


ACCESSORIES FOR SALE: Spun 
Aluminum Knob Inlays for most 
Boatanchors. Collins Dial Drum Overlays. 
Dakaware Knobs. Charlie Talbott, 13192 
Pinnacle Lane, Leesburg VA 20176-6146. 
540-822-5643, k3ich @arrl.net 


SERVICE FOR SALE: SMO and module 
repairfor KWT-6, URC-32 and other Collins 
radios. Jim Whartenby, 
antqradio @sbcglobal.net, 501-282-2991 


INFO -see www.navy-radio.com for photos 
and info on Navy radio gear. Nick, K4ANYW, 
navy.radio @ gmail.com 


WANTED: NATIONAL HRO 600 manuals, 
plug-ins, radios, parts, drawings, 
schematics. Al Royce 951-734-0623 
oscar873 @ aol.com 


WANTED: | NEED HELP! | have an older 
piece of equipment that is in need of 
repair. It was manufactured under the 
name of Supreme SSB-6A. It is in mint 
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shaped (physically), but someone has 
tried to alter the Balanced Modular, of 
course it doesn’t work, and the material 
documentation, is of a later version. What 
| am looking for, is someone with design 
knowledge (in tube design), that can figure 
out what is going on, and repair the unit for 
me. If you care to try, please let me know. 
J.searcy65@gmail.com Phone 662-755- 
2558 or cell phone 601-795-5357. Thank 
you, Jim WA5WRE 


WANTED: Hallicrafters SBT-22 or SBT- 
22-18 and WTB SBT-100 transceivers. 
Robert Nickels W9RAN @arrl.net 


WANTED: T-39 Chest Unit for Pogo-Stick 
radio. Steve Bartkowski, 708-243-7713 


WANTED: Low power AM use mobil xmtr 
40 80 ARC5 Recvr with power. Sell/Trade 
two 75A-2. WA5AAO 979-966-9441 


WANTED: The USS Wisconsin Radio 
Club, (Norfolk, VA.) is in need of 3 Small 
round pointer knobs that are used on the 
RAL8 or RAK7. USS Wisconsin Radio 
Club is a 501C. Contact Bill N3WM for 
donation or selling price 410-790-6072 
N3WM @ yahoo.com 


WANTED: Following CB radios for my 10 
meter conversion projects: Courier 
Royalle base, Lafayette HB444 base, 
Johnson 124M base, Johnson 323 
mobile, Pace 2400 mobile, Sonar J23 
mobile. Ed, W7DAX, 801-598-9217 


WANTED: ATTENTION ALL ER 
AMATEURS -— Looking for any info on a 
Supreme SSB-6B Transceiver. If 
necessary, will pay for any documentation. 


Contact Jim at j.searcy65 @ gmail.com or 


Hayseed Hamfest LLC 
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Cedar Rapids, lowa 


CAN CAPACITOR 


can-caps.com 


call 601-795-5357 or 662-755-5357. 
Thank you, Jim, WASWRE 


WANTED: Schematic for Mattes SSA-200 
(or M-200) amplifier or SSD/1 preamp. 
Mike Zuccaro, 858-271-8294, 
mjzuccaro @ aol.com 


WANTED: Service Manual for Harris RF- 
103A Amplifier. Uses a single 3-1000Z. 
73 Nick K5EF 504-400-8873 or 


nick.tusa @ tusaconsulting.com, 


WANTED: RT-1A Receiver- Transmitter (or 
similar) for AN/APN-2 ‘Rebecca’ unit and 
also any other related ‘Rebecca-Eureka’ 
equipment. Anthony Norden, 
Hertfordshire, England, MOWWV. 
agwnorden @ aol.com 


WANTED: Manual & schematic for T-60 
60 kHz Time Code Receiver by Specific 
Products of Woodland, California. 
Whitham Reeve, whit@reeve.com, +1 
907-538-4663 leave voicemail. 


WANTED: RME transmitter parts, info pre- 
1945 Jeffrey KD2AZI 
RadioArtistry @ gmail.com 

WANTED: WW II German, Japanese, 
Italian, French equipment, tubes, 
manuals and parts. Bob Graham, 2105 
NW 30th, Oklahoma City, OK 73112. 405- 
525-3376, bglcc@aol.com 


WANTED: Service for Watkins-Johnson 
WJ-8718 receivers. We have several at 
KPH that need repair. Can you help? 
info@radiomarine.org 415-990-7090 
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Inrush Current Limiters are now available from the Elec- 
tric Radio Store or on-line! These inrush limiters were 
reviewed in the September 2004 issue of Electric Radio 
and are available in two versions: 


Model AB-1M, (With Voltmeter)............cscsssccssssssssssesseseseees $39.95 
Model AB-300M, with meter, 300 watts (2.5 amps x 120 
NS eevee cas rdscvssccbcncsencesecodasseeds deeieversetes- P4405 
Shipping, each limiter ................ccessceecceees ... $8.00 


(Overseas customers please ask for shipping quotes.) 


The Inrush Limiter provides a slower startup for your 
valuable vintage radio equipment. The voltage drop 
across the limiter element is high when cold. As they 
warm up the voltage drop decreases. If you are con- 
cerned about high inrush current damaging your 
older equipment, this little product will prevent such 
damage. They are not intended to be used as a voltage- 
reducing device. The AB-1M is 150W. All models 


ZIM ELECTRONICS INRUSH geen LIMITERS 


Metered Inrush Limiter, 


Models AB-1M, AB-300M 


come with a full money-back guarantee. 


Electric Radio Store 
720-924-0171 


For photos and history of Chatham Radio, WCC, “ The World’s Greatest Coastal 
Station,’ see www.WCCARA.com, by the WCC Amateur Radio Association. 


Series 1 « Disk 1 
R.L. Drake Co. 


Systent 


Requirements: 


Any computer with 
Adobe Accobat Reader®, 


Pertormance will vary 


depending on speed of 


the computer. 


Drake Manuals on CD 


The R.L. Drake manuals that were 
compiled by HamManuals are again 
available from Electric Radio! 

This is a high quality 2-CD set of 
manuals for the ham equipment that Drake 
produced. Also included are official Drake 
modifications and all of the 3rd-party 
modifications by Sherwood Engineering, 
and others. 

Now all of your Drake service 
information can be in one place and you 
won't have to worry about not having a 
manual when a new piece of equipment 
enters the shack. 

These CDs were originally sold for 
$71.95, but are now available for only 
$24.95, which includes priority shipping. 

Electric Radio 

720-924-0171 or on the Internet: 

www.ERmag.com 
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Tubes, Tubes, Tubes 
for your next project! 


Electric Guru Parts House 


www.electricgurupartshouse.com 
Phone: 262-833-7999 


Check out our website and download latest catalog. 
David Whitham, K9DQ, PO Box 212, Franksville, WI 53126 


¢ Your Resource for * * Collins Radio * * 
(Ue liemiam—s 


Collins Coliseo Association 
Wy 


aX" SF, 
e Offering Unparalleled Free as wellas.. 
e .... Exciting Member Benefits 
e World Class Signal Magazine 


e Visit at collinsradio.org & join the fun 
e See our Events Calendar 


« Come see what the excitement is about 


NOTICE: Vintage SSB Roundtable every 
Tuesday at 7 PM Local Pacific Time, 
3895 Southwest USA. All welcome. Ron, 
K2RP@ARRL.NET 


NOTICE: Boatanchors Unlimited SSB 
Net, 7:30 PM Central on 3.870 every 
Wednesday since 1996. All are 
welcome. k8wozdan@ gmail.com 


WANTED: Vibrators: Oak V-6556, 
Plessey 614SC, James Vibrapowr C- 
1243 or any marked FSN 6130-249- 
5699. Non-functioning okay, but no 
obvious junk please. Rich Parker, 
KB2DMD, 1205 Sleepy Hollow Rd, 
Pennsburg, PA 18073, 215-541-1099 
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The Midwest Classic Radio Net 
“pre-net” informal group is now the 
“WAQYQZTY Vintage AM Net” in honor of 
Rob Hummel, WA9ZTY who passed 
away in 2008 but for a long time had 
been the net control of the Midwest 
Classic Radio Net. Rob’s callisnowa 
club call held by the WA9ZTY Net. The 
WAQZTY Vintage AM Net meets after 
the Old Military Radio Net and before 
the Midwest Classic Radio Net: 06:45 
to 07:30 Central time Saturdays on 
3885 kc. 3885 kc is a busy place on 
Saturday mornings! 


February 2021 


Electric Radio T-Shirts 

The front displays the logo from the cover of ER (the tube logo, 
Electric Radio, and “celebrating a bygone era”). The back has “Real 
Radios Glow in the Dark” (used 
with the permission of Classic 
Radio). The T-shirts are 100% 
cotton and come in Small, 
Large, X-Large, XX-Large. 
The coloris slightly lighter than 
the cover of ER. $20.00 
delivered, $21.00 for XXL. 
(Medium Available by Special 
Order) 


The Collins DVD Repair Library 


THE COLLINS AND HAMMARLUND VIDEOS NOW AVAILABLE ON DVD! 


Now you can work on your classic equipment with the help of these world-famous, digital- 
format DVDs that work on standard DVDplayers and computers! 


With these classic references on DVD, viewers will benefit from the latest technology in 
the world of video. You can instantly access whatever part of the video you want. 


Collins KWM-2 4 hours, $89.95 
Collins 75S-3 and 32S-3 2 hours, $89.95 
Collins 30L-1 1 hour, $39.95 
1 hour, $39.95 

2 hours, $39.95 

2 hours, $89.95 

7 hours, $109.95 

2 hours, $49.95 

4 hours, $89.95 


Priority shipping within the US is $8.00 each for the first two 
DVDs, additional titles are shipped free. 


ER BOOKSTORE, POB 242, BAILEY, CO 80421-0242 
720-924-0171 or WWW.ERmag.com 
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EZ Hang, Code E 
75 Goldfinch Way 
Capon Bridge, WV 26711 


www.ezhang.com 


Call Today! 


HANG YOUR NEXT WIRE ANTENNA WITH THE NEW 
EZ HAN G SQUARE SHOT! 


EZ Hang’s custom construction is welded/ 


resistive 11-inch long bands will help you reach 
that extra high shot. The pouch is 1-3/4" wide for 
easy grip. The EZ Hang square shot will clear a 100- 
foot tree with ease. EZ Hang kit is $99.95 + $9.05 
shipping. The EZ Hang comes with a one year 
limited warranty. We now have 14,000 satisfied 
customers around the world! 


304-856-1026 


bolted steel attached to a reel that is corrosion- 
resistant plastic and stainless steel. New design 
sling shot (U.S. Patent No. 6286495), with new 


wrist support to fit a man’s hand, with new UV 


WANTED: Teletypes for WWII museum 
working display. Models 14, 15, 19, 20, 
especially military, WWII versions. Low 
cost or donations near Colorado? Wayne 
WB40GM, hwhall@compuserve.com, 
719-574-5319 


WANTED: Collins Manufactured Tubes 
ca 1936-1938- Need Air Cooled Triodes 
such as C-100E, C-200, C-211, C-251A, 
C-279A, C-800, C-802, C-841, C-849, C- 
852, Water Cooled Triodes such as C- 
207, C-858, etc, Air Cooled Rectifiers 
such as C-249A, C-357A, etc and Water 
Cooled Rectifiers such as C-214, C-237A, 
etc. Jim Stitzinger, WA3CEX, 23800 Via 
lrana, Valencia, CA. 91355 818-519-4419, 
jstitz @ pacbell.net 


WANTED: Early Hewlett-Packard 
Journals from 1948 to 1955 for former 
employee hoping to complete his 
collection. Steve, W6SSP, 707-544-8142, 
Santa Rosa, CA. zarco @sonic.net 


WANTED: 1930’s civilian airline radios 
air or ground station use- Any radios or 
test gear used by FCC Hallicrafters etc- 
Any HRO style radio made outside the 
USA. Tnx! Brian, KN4R, 
briankn4r@gmail.com, 704-657-8910 
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WANTED: Collins R-389 receiver or 
clunker for parts, or any other R-389 stuff. 
Harry Weber, KC9QID, 4845 W. 107th St., 
Oak Lawn, IL 60453-5252 


WANTED: ARC-5 transmitter racks MT 
69, 71, ‘73, 75: Stéevel) R2DRKit 
skeller53@ gmail.com, 718-405-8378 


WANTED: Cartoon QSL Cards designed 
by illustrator Otto Eppers W8EA - W2EA. 
Immediate CA$H. Pete, NL7XM @arrl.net 
or PO Box 3026, Easton, PA 18043-3026 


WANTED: FCC and RID-related items. 
Anything HF/DF related. Black HROs and 
WWI! German and Japanese radios. R&S 
SK010/3202 transmitter docs. Thanks! 
Brian, KN4R, 704-657-8910 or 
briankn4r @ gmail.com 


WANTED: PRESS: WIRELESS.curs 
Photos, information WANTED on 
Hicksville, Baldwin, Little Neck, 
Centereach, Northville facilities. George 
Flanagan, 42 Cygnet Dr., Smithtown, NY 
11787 w2krm@optonline.net 631-360- 
9011 


WANTED: R-390As. It was built to play, not 
sit and decay. | overhaul and find them a 
good home. Ted @x44.cc 
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JOIN THE AWA 


ANTIQUE WIRELESS ASSOCIATION 
PRESERVING & SHARING COMMUNICATION’S TECHNOLOGY HISTORY 


e Publishes the renowned quarterly AWA Journal 
e Sponsors the unique, world famous Antique Wireless Museum 


e Publishes the scholarly annual AWA Review 

e Produces the exciting Annual AWA Convention 
Annual membership dues: $35 USA, $40 elsewhere. Visit the AWA Web Site at 
www.antiquewireless.org to learn more about AWA and other membership options. 


WANTED: National NTE exciter, NSA 
speech amp and NSM speech modulator. 
| still love National! Sylvia Thompson, 
NiVJ, Hopkinton, RI 401-377-4912 


WANTED: Crystal Oscillator module (fits 
where clock goes) for Hammarlund HQ- 
180AX. Thanks. Byron W5FH, 
bjtatum1 @att.net or 936-545-2615. 


WANTED: Unbuilt kits by Heathkit, Knight, 
and Johnson. Gene Peroni, KA6NNR, 


Tube Lore II 


A REFERENCE ror USERS anp COLLECTORS 


Ludwell Sibley 
Electric Radio #380 


POB 7164, St. Davids, PA 19087. 215- 
806-2005 


WANTED: Postcards of old wireless 
stations; QSL cards showing pre-WWII 
ham shacks/equip. George, W2KRM, NY, 
631-360-9011, w2krm @optonline.net 


WANTED: Manuals, manuals, and 
manuals for radio-related equipment to 
buy or swap. Catalog available. Pete 
Markavage, WA2CWA, 27 Walling St., 
Sayreville, NJ 08872. 732-238-8964 


After being out-of-print for many years, 
Ludwell Sibley has released an updated version 
of his classic book on electron tubes. Tube 
Lore II is an excellent reference to electron 
tube history and tube production. I was not 
able to find any tube type that is not listed! 
This new version is 288 pages of text, 102 
more pages than the original version had. 
Also included is a data CD of important 
information, one section covers deciphering 
tube date codes, most of which has not been 
available until now. The new version of the 
book covers about 13,000 (!! ) tube types, 
plus another 4800 or so radar / microwave 
parts on the data CD. Also on the disk is info 
on very strange and unusual tube types, 
another 106 pages. 

See the “ER Bookstore” page for ordering 


information! 
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—ELECTRIC RADIO BACK ISSUES— 
e All Electric Radio back issues are either from the original press run or lithographic reprints 
from the original negatives. Shipping prices are for delivery by media mail within the USA. 
Overseas, please inquire for shipping quotes. 
© The easy-to-use searchable database for previous ER articles is found at the Electric Radio 
web site (WWW.ERmag.com), “Back Index,” at the right side of the main page. 
¢ We no longer have all of the back issues of Electric Radio from #1, but the remaining 
stock of back issues are available at discounted prices, depending on the number 
ordered, plus shipping. They are sold with at least a 56% discount the over single-issue 
price. For a full set of remaining issues, please call for a quote while they are still 
available. Many of the early issues have less than 5 in stock. 
e Single Issues: $4.00 Each, Postpaid 
e 1-Year Sets (Or Any 12 Issues) $40.00 per year + $8.00 Shipping 
e Special Deal on Any Four Years (Or Any 48 Issues): $125.00 + $9.50 Shipping 
e Foreign Customers: Please Inquire for Shipping Rates 


NEW! The Collins 75A-4 Handbook: This is a newly revised and expanded book, 
professionally printed and bound, produced by Electric Radio, (partially the former the loose-leaf 
“75A-4 Modification Compendium’) having all the factory service bulletins from Collins Radio and 
Collins Addendum info not in the Service Bulletins. Includes all-new articles never published in 
Electric Radio, plus all 33 75A-4 articles printed in Electric Radio since 1989, some of which are 
out-of-print in the back issues, discussing the background that lead to the 75A-4, plus everything 
from CQ, Ham Radio, and QST over the last 45+ years, now 239 pages, many in color. 
astosouvassnniensaneaestosasererasnuaieessanwesraisadgs (sbronnkese verses coos ads: ae) 0 Seaman emma $37.95 plus $6.50 Shipping 


—COMPENDIUMS— 


All of the Collins compendiums are produced in nice 3-ring binders. 


Collins S-Line, KWM-1, KWM-2, KWM-2A Service Modification Compendium: 260 pages. 


Daclaer ceca tec ik oR ose SUS DOI aRE SURE ee aah te ern ea Gece na $47.00 plus $8.50 Shipping 
Collins KWS-1, 32V series, and 75A series (A1 thru A-4): 43 pages--------------- $17.00 plus $7.50 Shipping 


— BOOKS — 
A. Atwater Kent, The Man, the Manufacturer and His Radios: This 108 page book describes Kent’s biogra- 
phy, his rise from a saleman and inventor of electrical equipment to boecome one of America’s foremost radio 
manufacturers. There are historic photographs and diagrams on nearly every page, and color plates with 
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Hollow State Design, 2nd Edition: This is Grayson Evan’s (TA2ZGE/KJ7UM) wonderful book that has 
everything you need to know for working with vacuum tubes in one 277 page, high quality volume! 


Make Your Own Tube Testers and Electron Tube Equipment: This book by Gary Steinbaugh (AF8L), 
an ER contributor and a professional electronics engineer, is all about understanding tube testers and 


building them, and also contains many excellent projects such as power supplies and specialty 
oscilloscopes in one fun-to-use volume! There are 19 well-written chapters, 222 pages, with many 


Ne i CP ERUENUDO CO ORs 2a, bocce nee Ona l «aaeows + suas aie Pbreaal du’ «we nedmaee qavdiemaaeoeeuulbaapvcevene vases se $36.25 
The Collector’s Vacuum Tube Handbook: This is a 205 page book that is full of unique, hard-to-find 
information on tube types that were released before 1934. Includes history and good photos. ------------ $23.95 
Radios by Hallicrafters : High-Quality photos, descriptions, approximate values, and short histories of nearly 
everything made by Hallicrafters. By Chuck Dachis --------------------------------------------------------------------- $26.95 


Shortwave Receivers Past & Present: This is Fred Osterman’s long-awaited 4th edition, 2nd printing, a 
hardbound, heavy, 800-page masterpiece, more like an encyclopedia than a mere handbook! Sure to become 
a Classic volume, it contains info on over 1,700 receivers from 1942 to 2013, when the book was completed. 
Includes many hard-to-find details about European equipment.-------------------------------------------------0------ $49.95 
Surviving Technology: This is our 2019 reprint Bruce Vaughan’s classic book that is all about his life in radio 
and his detailed information on building regenerative receivers. It was reviewed in the August 2019 issue of 
Electric Radio and is an all-new reprint from Bruce’s original fileS.----------------------------------------------------- $34.95 
The Bavarian Yankee, by P.H. Thompson, is an exciting well-written, 295-page, soft-cover novel taking 
place in Europe at the end of WWII, full of colorful characters: Americans, Germans, Russians, and 
Poles, mentioning radio communications of the day. Now on close-out Sale, ----------------------------- $6.50 
Tube Lore Il: This is the expanded, revised, and useful new edition of Ludwell 


Tube Ty pe Transmitters: We have located a limited stock of this book, the second edition of Eugene 


Rippen’s excellent book on transmitters, transceivers, VFOs, Linear Amplifiers Modulators, Antenna Tuners, 
and more! Over 900 high quality illustrations with accurate descriptions and useful indexs make this a very 
RN aR eet a sides wc nic ak faht Sv aplav’n vida av huduah an ysetabdoue tha eae cap teadnMbunrercecnucdads tas $32.95 
Vintage Anthology, 2019 Edition: by Dave Ishmael (WA6VVL) is now in stock, as reviewed in the August 2019 
issue of Electric Radio in an all-new bound volume. 208 pages, topics divided into four chapters: Receivers, 
a anismitters,, VFOs, ANd ACCESSOLICS--------------=------------n----nenna-nen onan enema nnnnnnnnmensnnnnaneccnnanannnnnannnmenann $37.95 


Tube Type Transmitters: Currently in stock with limited availability. 
Both volumes of Practical Radio Repair are out-of-stock and no longer available. 
The All-American Five Radio: This book is out-of-print and no longer available, sorry. 


Ordering Information: 
Books are usually sent by USPS Media Mail 


Shortwave Receivers Past and Present, and Hollow State Design are very 
heavy and are shipped media mail for $7.50 each. 


For other books, please add $6.50 for media mail shipping for one book and $1.00 
for each additional book. Five books are shipped by media mail free to one address 
in the United States. No free shipping for overseas orders, overseas shipping has 
gotten very expensive. 
Checks and money orders by US mail are fine. 
Overseas and Canadian Orders: Please inquire for shipping quotes. 


Available by Mail Order or on the Internet at www.ERmag.com 


Credit Cards Welcome via PayPal Only: Call or Email for Details 
(We no can no longer accept credit card payments by telephone because 
of the extremely high fees we were being charged and burdensome 
restrictions placed against our web site from an overseas oversight 
company owned by the banks and credit card companies.) 
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Mil-Spec Communications 
R-390, R-390A, R-388 & Other Military Receivers 
Sales - Service -Manuals - Parts 


Box 633, Englewood, FL 34295-0633 


Please call us at: 941-474-6818 
FAX: 941-474-7874 
milspec39@@aol.com 

“Since 1985” 


WANTED: R390, R390A and R392 
receivers dead or alive or parts/ 
assemblies. Any condition considered. 
Will pickup if you have enough items. 
Glenn, WA4AOS, 864-684-2956, 


glenn@dsmlabs.com 


WANTED: Looking for information from 
owners/users of the Gertsch FM-3 
frequency meter, especially anyone who 
used an FM-3 on a regular basis in a 
laboratory or two-way radio shop. .| am 
also looking for information on other 
Gertsch Equipment and history of the 
company. Please or email me at 
wa2ejt59@stny.rr.com or leave a 
telephone message before 8:30PM 
Eastern time at 607-754-2848 — leave 
message and | will return your call, Thank 
you. Joe Long, WA2EUJT. 


DESIGN BUILD 


2.5 mH 
ZL =7150 


ii Grays EMA. 
UT ASZGEAGS TUNA 


Were you first licensed 25 years ago 
and licensed today? 


To Join or Renew, Visit: 


http:/ /www.gewa.org/join-renew.php 


For more information, please contact: 
om@qcwa.org 


HAVE FUN 


The Art and Science 
4, | of Building with 
= Thermatrons 


Makes it all easy 


Available in the Electric Radio Bookstore! 
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available | 


Try our XT-1 for matching low 


4 impedance microphones to 
Nu high impedance inputs found 
| in vacuum tube transmitters. 


Sold separately 


Visit us at 
WWW.HEILHAMRADIO.COM 


Electric Radio 
PO Box 242 
Bailey CO 
80421-0242 


Address Service Requested 
2/21 


NEED TO DOWNSIZE? 
CALL US TODAY! 


Estate planning for your ham, antique radio or 
audio equipment can be challenging. Take the 
stress off you and your family by calling us at 
816-455-5520 to see how we can help. 


We are a Midwest based online auction 
company with a global reach. 


Nationwide pickup services available. 


SCHULMAN 


AUCTION & REALTY, LLC 


73, David Schulman, WD@ERU 
816-455-5520 or 913-568-3767 


ROCKWELL COLLINS HF-380 ‘ 
SOLD FOR $2,150 david@schulmanauction.com 


www.schulmanauction.com/vintage-electronics 


2 lS ee ee 


